
© 2023 by MIP  

 

 

 
 

 

 

 

 

 

 



© 2023 by MIP  

 

PLANNING MALAYSIA 
Journal of the Malaysian Institute of Planners 

 
 

Advisor 

Datin TPr. Hjh Noraida Saludin 

 

Editor-in-Chief 

Professor TPr. Dr. Mariana Mohamed Osman  

International Islamic University Malaysia (IIUM) 

 

Local Editorial Board Members 

Professor Dato’ TPr. Dr. Alias Abdullah - International Islamic University Malaysia (IIUM) 

Professor TPr.  Dr. Ho Chin Siong - Universiti Teknologi Malaysia (UTM) 

Professor TPr. Dr. Ahmad Nazri Muhamad Ludin - Universiti Teknologi Malaysia (UTM) 

Professor TPr. Dr. Jamalunlaili Abdullah - Universiti Teknologi Mara (UiTM) 

Assoc. Prof. TPr. Dr. M. Zainora Asmawi - International Islamic University Malaysia (IIUM) 

Professor. Dr. Azizan Marzuki - Universiti Sains Malaysia (USM) 

Prof. Dr. AHM Zahirul Alam - International Islamic University Malaysia (IIUM) 

Assoc. Prof. TPr. Dr. Syahriah Bachok - International Islamic University Malaysia (IIUM) 

Prof. TPr. Dr. M. Zainora Asmawi – International Islamic University Malaysia (IIUM) 

Datin Paduka TPr. Dr. Halimaton Saadiah Hashim - Malaysia Institute of Planner (MIP) 

Assoc. Prof. TPr. Dr. Oliver Ling Hoon Leh - Universiti Teknologi Mara (UiTM) 

Prof. Dr. Azizan Marzuki - Universiti Sains Malaysia (USM) 

Assoc. Prof. Dr. Faris Abdullah - International Islamic University Malaysia (IIUM) 

TPr. Dr. Marlyana Azyyati Marzukhi - Universiti Teknologi Mara (UiTM) 

Prof. Dr. Ahmad Puad Mat Som - Universiti Sultan Zainal Abidin (UniSZA) 

 

International Editorial Board 

Professor Emeritus Dr. Richard E. Klosterman - University of Akron / Whatif? Inc., USA 

Professor Dr. Stephen Hamnett - University of South Australia, Adelaide, Australia 

Professor Dr. Kiyoshi Kobayashi - University of Kyoto, Japan 

Assoc. Prof. Dr. Belinda Yuen - University of Singapore, Singapore 

Dr. Davide Geneletti - University of Trento, Italy 

Dr. Boy Kombaitan - Institut Teknologi Bandung, Indonesia



 

© 2023 by MIP ii 

Editorial & Business Correspondence 

PLANNING MALAYSIA 

Journal of the Malaysian Institute of Planners 

B-01-02, Jalan SS7/13B, Aman Seri, Kelana Jaya 

47301, Petaling Jaya, Selangor Darul Ehsan, MALAYSIA 

Tel: +603 78770637 Fax: +603 78779636 Email: mip@mip.org.my 

www.planningmalaysia.org 
 

 

 

 

 

 

Copyright © MIP, 2023 
 

All rights reserved. 

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any 

form or by any means, electronic, mechanical, photocopying, or otherwise without the prior 

permission of the publisher. 

 

The views expressed in this publication are those of the author(s) and do not necessarily represent 

the views of MIP. 

 

This journal is a refereed journal. 

All articles were reviewed by two or three unanimous referees identified by the Institute (MIP). 

 

 

 

Published By 

Malaysian Institute of Planners 

 

ISSN Number 

1675-6215 

e-ISSN 

0128-0945 

 

 

 

 
Date Published: 29th September 2023 

  

mailto:mip@mip.org.my


 iii  © 2023 by MIP 

CONTENTS  
 

 

1.  Climate Variability in Relation to Land Use and Land Cover (LULC) 

Changes in Kota Bharu, Kelantan, Malaysia 
Balqis Ibrahim & Zulfa Hanan Ash’aari 

 

1 – 16 

2.  A Qualitative Study on The Doctrine of Privity to Circumvent Its Effect 

on Subcontractor’s Payment Claim 
See Zhi Yan, Mohd Suhaimi Mohd-Danuri, Noorfajri Ismail, Othman Mohamed, 

Fadzida Ismail 

 

17 – 31 

3.  Model Of Pedestrian Crossing Behaviour Based on Road Traffic and 

Human Factors: A Case Study of Malaysia’s Shah Alam City 
Na’asah Nasrudin, Nurul Shakila Khalid, Yusfida Ayu Abdullah, Marlyana 

Azzyati Marzukhi, Lim Boon Seng 

 

32 – 47 

4.  Riverine Litter Assessment and Recycling Potential Along Sungai 

Kelantan at Kampung Pasir Era, Kelantan, Malaysia 
Syarifah Nur Najwa Syed Alwi, Latifah Abd Manaf, Abd Muhaimim Amiruddin, 

Sunday Yusuf Kpalo, & Nazatul Akmal Nazibudin 

 

48 – 61 

5.  Combinative Framework for Value Engineering and Building 

Information Modelling Implementation at LOD300 Stage 
Ahmad Aqil Zaidi, Saipol Bari Abd-Karim, Syed Muzaffar Syed Mohamad, Hsiao 

Yun 

 

62 – 77 

6.  Key Factors Influencing the Family-Friendly Neighbourhood Through 

PLS-SEM Model Assessment. Case Study: SS4, Petaling Jaya, Selangor, 

Malaysia 
Siti Fatimah Hashim, Na’asah Nasrudin, Raja Norashekin Raja Othman, Yusfida 

Ayu Abdullah, Mohd Azren Hassan, Mohd Zahid Mohd Salleh 

 

78 – 95 

7.  Urban Development and Waste Management Planning in Kabul New 

City, Afghanistan: A Case Study 
Wafaurahman Wafa, Amir Hamzah Sharaai, Sifatullah Mukhtar, Kawoon Sahak, 

& Fazal Rahman Afghan 

 

96 – 109 

8.  Selecting A Standard Set of Attributes for The Development of Machine 

Learning Models of Building Project Cost Estimation 
Hafez Salleh, Rui Wang, Nur Zahirah Haji Affandi, Zulkiflee Abdul-Samad 

 

110 – 125 

9.  Evaluating Public Compliance with Wildlife Conservation Law in 

Wuhan, China 
Amir Hamzah Sharaai, Zha Yujing, Wafaurahman Wafa, Ma Sining, & He Zhijian 

 

126 – 140 

10. Factors Influencing Pre- and Post-Covid-19 Transport Mode Shift In 

Workplace Travel 
Noor Hashimah Hashim Lim, Bor Tsong Teh, Nik Hazwani Nik Hashim, Rama 

Krishna Supramanian, Urwatul Wusqa Baharudin, M. Rafee Majid 

 

141 – 154 



 

© 2023 by MIP iv 

11. The Effects of Low Carbon Cities Framework Checklist (LCCFC) 

Implementation on Community Satisfaction Level 
Siti Kartina Juhari, Dasimah Omar, Siti Mazwin Kamaruddin Noraini Omar 

Chong 

 

155 – 172 

12. Perceptual Differences of Tree Removal in Development Areas Among 

Landscape Professionals 
Khalilah Hassan, Wan Saiful Nizam Wan Mohamad, Ramly Hasan, Najah Md 

Alwi 

 

173 – 187 

13. Exploring The Nexus of Nature-Interaction and Human Needs Maturity 
Aisyah Abu Bakar 

 

188 – 199 

14. Competitiveness Index of Peninsular Malaysia's Northern Border 

Districts 
Jamalunlaili Abdullah, Muhammad Hakim Danial, Mazrina Abdul Khalid, 

Abdullah Ab Rahman & Azren A Karim 

 

200 – 210 

15. An Assessment of Traffic Congestion in Taman Sri Serdang, Selangor, 

Malaysia 
Afiq Haikal Fahmi, Syazwani Sahrir, & Nik Nor Rahimah Nik Ab Rahim 

 

211 – 221 

16. Determinants Of Spatial Planning for Urban Resilience in The Islamic 

Society Setting: A Case Study of Banda Aceh, Indonesia 
Evalina Zuraidi, Rosilawati Binti Zainol, Yahaya Bin Ahmad, Ashfa Achmad 

 

222 – 236 

17. Spatial Walkability Index (SWI) of Pedestrian Access to Rail Transit 

Station in Kuala Lumpur City Center 
Nurfadhilah Ruslan, Nabilah Naharudin, Farisya Abu Bakar, Abdul Hakim 

Salleh, Maisarah Abdul Halim, Zulkiflee Abd Latif 

 

237 – 252 

18. Integrating Rainwater Harvesting and Greywater Recycling to Increase 

Water Efficiency in Office Buildings 
Nurhazwani Habibullah, Syazwani Sahrir, & Zakiah Ponrahono 

 

253 – 266 

19. A Preliminary Framework for Preventing Disputes in Different Stages of 

Building Construction Projects 
Nur Nadhirah Muhammuddin, Mohd Suhaimi Mohd-Danuri, Mahanim Hanid, 

Fadzida Ismail, Mohd Nasrun Mohd Nawi 

 

267 – 282 

20. Green Cover Trend: Towards A Sustainable City-Campus Relationship 

Between Puncak Alam and Its Vicinity 
Raziah Ahmad, Muhammad Adam Zakaria, Mohamed Ikhwan Nasir Mohamed 

Anuar, Zainuddin Ab Rahman, & Jamalunlaili Abdullah 

 

283 – 295 

21. Community Knowledge and Perceptions Towards Illegal Waste 

Disposal: A Case Study of Sungai Besar Coastline Mangroves Forest in 

Selangor, Malaysia 
Imroatu Soleheh Suandi, Mohamad Faiz Zainuddin, Latifah Abdul Manaf, 

Faridzah Jamaludin, & Siti Munirah Mohd 

 

 

296 – 308 



 v  © 2023 by MIP 

22. Examining Green Attribute Preferences in Residential Buildings: A 

Study in Kano, Nigeria 
Rohayu Ab Majid, Rosli Said, Idris Salisu Barau 

 

309 – 324 

23. Land Subsidence Dynamics in Malaysia Based on Time-Series Vertical 

Deformation Using Modified D-Insar Sentinel-1 
Atriyon Julzarika 

 

325 – 340 

24. Feng Shui Superstitious Belief: Does It Influence Young Generations in 

Housing Purchase Intention? 
Mohammad Mujaheed Hassan, Peter Aning Tedong, Asmaul Husna Haris 

Fadzilah 

 

341 – 356 

25. An Exploration of Community Engagement and Participation in The 

Low Carbon City (LCC) Initiative: Case Study of Majlis Bandaraya 

Shah Alam 
Yusfida Ayu Abdullah, Khalid Zanudin, Nor Baizura Jamaluddin, Marlyana 

Azyyati Marzukhi, & Mohammad Yusup 

 

357 – 372 

26. The Impact of Online Shopping on Shopping Centres in Klang Valley, 

Malaysia 
Yasmin Mohd Adnan, Chin Kee Liang, Muhammad Najib Razali 

 

373 – 386 

27. Application Of Coconut Coir Matting and Vegetation for Riverbank 

Erosion Protection 
Naqib Azfar Azmi, Saerahany Legori Ibrahim, Izihan Ibrahim, Dani Irwan 

Masbah, Siti Asmahani Saad 

 

387 – 401 

28. Land Suitability Analysis for Urban Gardening Using GIS-Based Multi-

Criteria Decision-Making Approach 
Zulkifli Ahmad Zaki, Mohammad Yusup, Ishak Che Abdullah, Yusfida Ayu 

Abdullah & Aqeel Shah Abdul Halim Shah 

 

402 – 413 

29. Exploring The Relationship Between the Perceived Importance of 

Healthy City Indicators and Satisfaction Levels Towards the Local 

Government in Shaping a Healthy City 
Noor Hashimah Hashim Lim, Liyana Hasnan, Nurdiyana Zainal Abidin, Md. 

Shahariar Chowdhury, Nurul Azlia Shazreen Abdul Jalil, Linda Shafarina Hassan 

 

414 – 431 

30. Research On the Spatial Distribution of Public Service Facilities in 

Nanchang Old City, China Based on Point of Interest (POI) Data 
Wang Xueqiang, Mimi Zaleha Abdul Ghani, Gu Yuan, Nurulhusna Qamaruz 

Zaman, & Yazid Sarkom 

 

432 – 446 

 Notes to contributors and guidelines for manuscript submission 447 

 

 Ethics Statement 449 

  



 

© 2023 by MIP vi 

MIP Council Members 

2023 - 2025 Session 
 

 

President 

Datin TPr. Hjh Noraida Saludin (468/02) 

 

Immediate Past President 

TPr. Hj Ihsan Zainal Mokhtar (305/94) 

 

Vice President 

TPr. Hj. Abdul Hamid Akub (450/01) 

TPr. Wan Andery Wan Mahmood (572/10) 

 

Honorary Secretary 

TPr. Juwairiyah Ho Abdullah (453/02) 

 

Honorary Treasury 

Datin TPr. Mazrina Dato’ Abdul Khalid (559/09) 

 

Council Members 

TPr. Mohamad Fauzi Ahmad (418/99) 

TPr. Abdul Halim Ali Hassan (407/98) 

TPr. Saiful Azman Abdul Rashid (474/03) 

Asst. Prof. TPr. Dr. Syafiee Shuid (813/21) 

TPr. Hj Nik Mohd Ruiz Ahmad Fakhrul Razy (570/10) 

TPr. Rene Fu Swee Yun (553/99) 

TPr. Dr. Marlyana Azyyati Marzukhi (582/11) 

TPr. Annie Syazrin Ismail (670/17) 

TPr. Diyanah Inani Azmi (839/22) 

TPr. Young Elias Young Daud (815/21) 

 

 



 
 

 

2
 Senior Lecturer at Universiti Putra Malaysia. Email: zulfa@upm.edu.my 

PLANNING MALAYSIA: 

Journal of the Malaysian Institute of Planners 

VOLUME 21 ISSUE 5 (2023), Page 1 – 16 

CLIMATE VARIABILITY IN RELATION TO LAND USE AND 

LAND COVER (LULC) CHANGES IN KOTA BHARU, 

KELANTAN, MALAYSIA 

 
Balqis Ibrahim1, Zulfa Hanan Ash’aari2 
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Abstract 

 

The process of rapid urbanization has significantly altered natural landscapes and 

contributed to climate variability. Due to urbanization, land surface 

characteristics are changing, resulting in a changing thermal climate making 

cities warmer than surrounding rural areas. The study utilized remote sensing and 

Geographic Information System (GIS) technologies to analyze the connection 

between land use and land cover (LULC) change and climatic variability in Kota 

Bharu, Kelantan, Malaysia. The outcome showed that the greatest LULC change 

resulted from converting vegetation and bare land into built-up areas, with 

25.46% and 10.17% respectively. This represents the rapid expansion of urban 

land caused by population growth. LST increment averaged 3.65°C in the last 

decade due to this massive increase in built-up areas. A linear regression analysis 

between LST and LULC indices, NDBI and NDVI shows that they are positively 

correlated. By understanding these two variables, land use planning could be 

further improved, hence, reducing the city's vulnerability towards climate 

variability.  

 

 

 

Keywords: Change detection, Geospatial analysis, Land change, Supervised 

classification 
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INTRODUCTION 
Climate change is widely recognized as one of the most severe issues confronting 

humankind and nature. It is a driver of the global crisis that affects every facet of 

our lives and future. The Intergovernmental Panel on Climate Change (IPCC)'s 

Fifth Assessment reported that the global average surface temperature rose 

0.85°C from 1880 to 2012. It is expected to rise from 2.6°C to 4.8°C by the end 

of the 21st century (2081–2100) compared to the year 1986 to 2005 under high-

emission scenarios (IPCC, 2014). Recent studies show that rapid urbanization 

that takes place in cities drives climate change (How Jin Aik, Ismail, & Muharam, 

2020; Ibrahim, 2020; Alzubade, Ozcan, Musaoglu, & Türkeş, 2021). 

Urbanization has a number of negative effects, one of which is the modification 

of the thermal climate, which makes cities warmer than their rural surroundings 

(Rawat, Biswas, & Kumar, 2013).  

The rising temperature (Kwan, Tangang, & Juneng, 2013; Moomaw et 

al., 2018) and an erratic rainfall trend are Malaysia’s most visible climate changes 

(Khan, Shaari, Nahar, Baten, & Nazaruddin, 2014; Md Saad et al., 2023). 

According to Rahman (2018), Malaysia is estimated to be hotter by 2050, with a 

temperature increase of up to 1.5°C compared to just 0.6 °C over the past 28 years 

(World Bank, 2020). The use of satellite Remote Sensing (RS) and Geographical 

Information System (GIS) technology to analyze LULC transitions and 

hydrology purposes has been widely accepted (Khan et al., 2014; Latif & 

Kamsan, 2018; Zhou, Zhang, & Guo, 2019). As a result, analyzing the spatio-

temporal changes in LULC has become one of the most important research topics 

in recent decades (Khan et al., 2014).  

This study is intended to focus on whether there is valid evidence on 

climate variability in association with LULC alteration in the study area. The 

outcome of this study is expected to be essential for effective land use 

management and sustainable urban planning of the area, bringing awareness to 

the authorities and residents to make wiser decisions on land use. 
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RESEARCH METHODOLOGY 

 

 
 

Figure 1: Geographical location of Kota Bharu district in Malaysia 

 

Located on the east coast of peninsular Malaysia, Kelantan has a total area of 

approximately 15,100 km2. The study area of Kota Bharu (Figure 1) is the capital 

city and major urban centre of the state that is in the northern part of Kelantan 

where the state's commercial and administrative hub is located. It has a typical 

tropical climate pattern, with an annual precipitation of 2500 mm and a mean 

temperature of 27.5 oC (Tan, Ibrahim, Yusop, Chua, & Chan, 2017). Having a 

high-temperature increase (Ibrahim, 2020), the city is becoming increasingly 

vulnerable to natural disasters and temperature shifts due to its geographical 

characteristics, unplanned urbanization, and proximity to the sea (Faizalhakim et 

al., 2017). 

 

Data Acquisition 
This research is conducted using the satellite images of Kota Bharu from the year 

1990 until 2020 which were obtained from the official website of the United 

States Geological Survey (USGS) https://earthexplorer.usgs.gov. The data were 

derived from Landsat 5 TM, Landsat 7 ETM+, and Landsat 8. Due to its 

availability and extensive coverage (How Jin Aik, Ismail, & Muharam, 2020), 

the Landsat imagery was chosen. The date of data that was taken was chosen 

based on the availability of data throughout the study year and region. Prior to 

the analysis, the satellite data were further screened for minimum cloud or haze 

coverage. As for climate variability, LST, which is estimated from the thermal 

emissivity of land surfaces contained in remote sensing images, was used in this 

research to represent temperature. The LST is an excellent indicator of long-wave 

and incoming solar irradiance, which impacts all LULC classes (Alzubade, 

Ozcan, Musaoglu, & Türkeş, 2021). 
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Data Processing & Analysis   

Image Classification & LULC change mapping 
Satellite images extracted from Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 

were used for LULC classification. The supervised image classification and 

change detection were applied using remote sensing software. The use of remote 

sensing data for change detection was based on the understanding that changes in 

land cover result in changes in radiance values, which may be remotely measured 

(Jin Aik et al., 2020). The land use for each year was reclassified into several 

major land uses which are the bare land, vegetation area, urban area, and water 

bodies. To ensure the land cover was correctly assigned, Google Earth images 

were used as a cross-reference. The classification of LULC was mapped using 

ArcGIS 10.8 to observe and visualize the change. The multiple LULC classes of 

the research area were represented using the stratified random approach for the 

accuracy evaluation. The accuracy was evaluated using 100 pixels per category 

based on visual interpretation and ground truth data. The non-parametric Kappa 

test was also used to gauge the degree of categorization accuracy. 

 

Land Surface Temperature 
In this study, the LST value will be extracted through pixel-based calculation. 

The value of each pixel is calculated using 1:  

 

𝐿𝑎𝑛𝑑 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (°𝐶) = (𝑝𝑖𝑥𝑒𝑙 𝑣𝑎𝑙𝑢𝑒 × 0.02) − 273.15(1) 

 

From 1990 to 2020, the mean value is determined by comparing the 30 years of 

monthly images. The monthly mean LST is then measured using a formula by 

Patel, Joshi, & Bhatt (2017) in which the number of 8-day images in each of a 

given month is divided by all non-zero occurrences in that month. 

 

NDBI and NDVI Calculation  
This index detects urban areas with higher reflectance in the shortwave-infrared 

(SWIR) region than in the near-infrared (NIR) region for NDBI. It is calculated 

by dividing the SWIR by the NIR (Equation (2)). The NDBI was originally 

developed to work with Landsat TM bands 5 and 4 (Zha, Gao, and Ni, 2003). It 

will, however, function with any multispectral sensor having a SWIR band of 

1.55-1.75 µm and an NIR band of 0.76-0.9 µm. 

 

𝑁𝐷𝐵𝐼 = ( 𝑆𝑊𝐼𝑅 − 𝑁𝐼𝑅  )/(𝑆𝑊𝐼𝑅 +  𝑁𝐼𝑅)(2) 

 

NDVI is calculated using two bands with high reflectance in the NIR 

spectrum and strong absorption in the red wavelength as shown in Equation (3) 

(Xue & Su, 2017). The NDVI scale runs from 1 to -1. The greatest NDVI value 
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implies healthy vegetation, whereas the lowest NDVI value indicates a lack of 

vegetation (Osunmadewa, Gebrehiwot, Csaplovics, & Adeofun, 2018). Near-

infrared wavelengths of the electromagnetic spectrum are used to calculate the 

NDVI, along with the red bands of the visible spectrum, which was proposed by 

Rouse (1974). It is calculated using an equation where NIR stands for near-

infrared reflection, while RED stands for red reflection (Gessesse & Melesse, 

2019). NIR and RED are the reflectance emitted by the satellite MSS Landsat 5 

in the NIR band 7 and visible red band 5, respectively. The NIR band for TM and 

ETM+ sensors would be band 4, and the RED band is band 3. Lastly, with the 

OLI sensor, band 5 and band 4 are the NIR and RED bands, respectively (Aslanov 

et al., 2021). As a result, the following formula yields the NDVI: 

 

𝑁𝐷𝑉𝐼 = (𝑁𝐼𝑅 −  𝑅𝐸𝐷)/(𝑁𝐼𝑅 + 𝑅𝐸𝐷)(3) 

 
Climate variability 
To define the climate variability of the study area, the temporal trend of the data 

was observed and analysed using the Man Kendall and Sen’s Slope Estimator. 

The Man Kendall test is widely used to detect meteorological variable patterns 

(Saimi, Hamzah, Toriman, Jaafar, & Tajudin, 2020). It is a nonparametric test 

that can be used to find monotonic trends in a series of climate data (Mudelsee, 

2019). Monthly and annual trend analyses were conducted to detect any 

significant climate patterns from the year 1990 until 2020. The Mann Kendall 

trend analysis generates three outputs that decide whether a trend occurs. A 

positive z-statistic value indicates an upward trend, while a negative z-statistic 

value indicates a downward trend. The pattern is considered significant if the p-

value is less than 0.05 (95% confidence level) (Kamal, Ashaari, & Abdullah, 

2019). Sen’s Slope and ArcGIS 10.8 were used to know the magnitude of the 

trend per year and map the LST of the study area respectively. 

 

The relationship between LULC and climate variability      
In order to determine the relationship between LULC and climate variability, a 

linear correlation coefficient analysis was used. This analysis served to unveil the 

connection between LULC and climate variability. The determination of whether 

the relationship is positively or negatively correlated was based on the R2 values. 

 

RESULTS AND DISCUSSION 
Land Use and Land Cover (LULC) 
Table 1 summarizes the trend of LULC from 2000 to 2020 based on the four 

classes that are extracted from the Kota Bharu study area. When the study began 

initially in the year 1990, the percentage of the total study area was dominated by 

vegetation, covering 64.22% of the total study area, followed by bare land 
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(21.44%), built-up area (11.69%) and water bodies (2.39%). The trend was 

observed for all LULC classes from the year 1990 until 2020. Throughout the 30 

years, the built-up area had been the most increased area, from 11.96% to 32.24%, 

totaling a total of 20.28% increment. The percentage of vegetation had also 

decreased from 64.22% to 49.92%, making up a total of 14.30% for 30 years. 

This is followed by bare land, which had been decreasing from 21.44% to 

15.84%. In 30 years, the total area had decreased by 5.60%. Meanwhile, the water 

bodies have not been decreasing at the same rate as bare land or vegetation, but 

it still has a slight decrease of 0.35%. 

 
Table 1: Area of the LULC classification for 1990, 2000, 2010, and 2020 map 

 1990 2000 2010 2020 

 Area 

(km2) 

% Area 

(km2) 

% Area 

(km2) 

% Area 

(km2) 

% 

Built-up 

Area 

48.37 11.96 104.02 25.73 105.97 26.21 130.33 32.24 

Vegetation 259.64 64.22 250.72 62.01 244.86 60.56 201.85 49.92 

Water 

Bodies 

9.62 2.38 9.55 2.36 8.63 2.13 8.09 2.00 

Bare land 86.69 21.44 40.02 9.90 44.86 11.10 64.05 15.84 

 

Accuracy Assessment 
The overall classification accuracy and kappa coefficient obtained for the LULC 

classification accuracy evaluation of the 1990, 2000, 2010, and 2020 data were 

used to measure the classification quality. As a whole, LULC categorization 

scores varied from 93% to 97.5% across the four years, The agreement index of 

Kappa ranged from 0.88 to 0.96 (Table 2). For the study region, these Kappa 

values for the four categorization findings are acceptable since they meet 

Anderson’s (1976) classification scheme's minimal accuracy requirement of 

85%.  
 

Table 2: Accuracy assessment of the LULC classification in Kota Bharu, Kelantan 
 1990 2000 2010 2020 

Overall 95.00 93.75 96.25 97.50 

Kappa 0.93 0.88 0.95 0.96 

 
Land Use and Land Cover (LULC) Changes  
For the period of 1990 to 2000 (Figure 2(a)), the LULC change patterns reveal 

that the vegetation area was converted into a built-up area that summed up to a 

total of 13.78%, followed by bare land to vegetation with 13.19%. Meanwhile, 

from 2000 to 2010 (Figure 2(b)), the greatest LULC change was for a built-up 

area to vegetation, with 10.12%. This may be due to the expansion of the paddy 

field in the area (Mahamud et al., 2019). It was closely followed by vegetation to 
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built-up area and bare land conversions, with 9.82% and 8.44%, respectively. 

From 2010 to 2020 (Figure 2(c)), the largest percentage of LULC change can be 

seen as a result of vegetation conversion into a built-up area and bare land, with 

33.23% and 21.18%, respectively, contributing to the highest percentage of 

LULC change over the years (Table 3).  

Based on a LULC modelling study by Mahamud et al. (2019) in 

Kelantan, it is believed that Kelantan has undergone major changes in the past 

few decades such as the incrementing of built-up areas and a reduction in forest 

areas. The built-up areas are mainly in the northern part of the state, i.e., Kota 

Bharu has been expanding at a steady rate, and there has also been an increase of 

urban sprawl within the city. According to the simulated LULC 2025, sprawl 

development is also taking place, which should prompt local planners to map out 

the development in Kelantan, especially in the Kota Bharu area.  
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Figure 2: LULC Change Maps of Kota Bharu a) 1990-2000 b) 2000-2010 c) 2010-2020 

d) 1990-2020 
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Table 3: LULC change area and percentage of Kota Bharu for the year 1990-2020 
 1990-2000 2000-2010 2010-2020 1990-2020 

 Area 

(km2) 

% Area 

(km2) 

% Area 

(km2) 

% Area 

(km2) 

% 

Built-up area 28.10 6.96 59.56 14.74 84.58 20.93 40.91 10.13 

Built-up area to 

Vegetation 

17.95 4.44 40.88 10.12 13.33 3.30 4.51 1.12 

Built-up area to 

Bare land 

1.92 0.47 2.19 0.54 8.14 2.01 2.05 0.51 

Built-up area to 

Water bodies 

0.38 0.09 0.76 0.19 0.79 0.20 0.89 0.22 

Vegetation 178.88 44.28 175.96 43.55 134.25 33.23 132.64 32.83 

Vegetation to 

Built-up area 

55.68 13.78 39.69 9.82 85.58 21.18 102.85 25.46 

Vegetation to 

 Bare land 

24.88 6.16 34.08 8.44 19.99 4.95 22.59 5.59 

Vegetation to 

Water bodies 

1.98 0.49 1.80 0.45 4.25 1.05 3.30 0.82 

Bare land 11.85 2.93 7.69 1.90 13.13 3.25 16.21 4.01 

Bare land to  

Built-up area  

19.07 4.72 6.88 1.71 14.36 3.55 41.06 10.16 

Bare land to 

Vegetation 

53.30 13.19 24.67 6.11 16.68 4.13 26.41 6.54 

Bare land to 

Water bodies   

0.52 0.13 0.38 0.09 0.13 0.03 1.06 0.26 

Water bodies 6.61 1.64 5.90 1.46 6.59 1.63 6.47 1.60 

Water bodies to 

Built-up area   

0.53 0.13 0.69 0.17 1.42 0.35 1.10 0.27 

Water bodies to 

Vegetation   

1.42 0.35 2.56 0.63 0.76 0.19 1.47 0.36 

Water bodies to 

Bare land 

0.98 0.24 0.34 0.08 0.08 0.02 0.49 0.12 

 

Normalized Difference Built-up Index (NDBI)  
The NDBI density classes are inversely related to the green index. Higher values 

of NDBI are seen to be clustered around the built-up and bare land area (Figure 

3). The NDBI values of each LULC class for each year are shown in Table 4. 

 
Table 4: NDBI values of Kota Bharu in the years 1990, 2000, 2010, and 2020 

 1990 2000 2010 2020 

Waterbodies -0.5897 - -0.2186 -0.6363 - -0.3171 -0.9285 - -0.2744 -0.5155 - -0.3253 

Vegetation -0.2186 - -0.0248 -0.3171 - -0.0566 -0.2744 - -0.0814 -0.3253- -0.2560 

Bare land -0.0248 - 0.1274 -0.0566 - 0.0645 -0.0816 - 0.1227 -0.2560 - -0.0937 

Built-up area 0.1274 - 0.5789 0.0645 - 0.7142 0.1227 - 0.5774 0.1937 - 0.3380 
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Figure 3: NDBI maps of a) 1990 b) 2000 c) 2010 and d) 2020 in Kota Bharu 

 
Normalized Difference Vegetation Index (NDVI) 
The expansion of lower NDVI values depicts the decrement of the vegetation area 

from 1990 to 2020 (Figure 4). The NDVI values ranged from 0.3498 - 0.7222 to 

0.1773 - 0.4218. The waterbody has ranged from -0.4893 - -0.0474 in the year 

1990 and ranged from -0.3331 - 0.0481 in the year 2020. Table 5 inputs the 

detailed NDVI values of each LULC class.   

 
Table 5: NDVI values of Kota Bharu in the years 1990, 2000, 2010, and 2020 

 1990 2000 2010 2020 

Waterbodies -0.4893 - -0.0474 -0.6999 - -0.0893 -0.7062 - -0.3562 -0.3331 - 0.0481 

Vegetation -0.0474 - 0.2541 -0.0893 - 0.3137 -0.3562 - -0.0964 0.0481 - 0.2501 

Bare land 0.2541 - 0.3498 0.3137 - 0.5271 -0.0964 - 0.1451 0.2501 - 0.3773 

Built-up area 0.3498 - 0.7222 0.5271 - 0.8117 0.1451 - 0.5838 0.1773 - 0.4218 
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Figure 4: NDVI maps of a) 1990 b) 2000 c) 2010 and d) 2020 in Kota Bharu 

 

Land Surface Temperature (LST) 
Figure 5 illustrates the LST distribution in Kota Bharu. Throughout the 30 years, 

the maximum LST had decreased from 34.86°C to 29.19°C from 1990 to 2000, 

but continued to rise from 2000 until 2020, with the highest in 2020 at 35.70°C. 

The lowest minimum LST was 16.56°C in 1990. Over the last twenty years, the 

average LST has increased steadily from 22.62°C to 26.27°C, which is a 3.65°C 

rise. The highest LST values range near the city's urban area. As humans are heat 

carriers and contribute to the anthropogenic heat dispersion of the surrounding 

region, their presence in these locations has a substantial effect on the total LST. 

Known as thermal convection, this occurs when the heat rises while the cold air 

falls, and under massed settings, this heat is likely to attach to surrounding 

surfaces, such as those of buildings (Jin Aik et al., 2020). High NDBI values also 

indicate higher LST values and vice versa for the NDVI. Table 6 displays detailed 

temperatures of the study area. 

 
Table 6: Average LST of Kota Bharu in the years 1990, 2000, 2010, and 2020 

 1990 2000 2010 2020 

Maximum (°𝑪) 34.86 29.19 34.86 32.70 

Minimum (°𝑪) 16.56 17.33 18.38 20.17 

Average (°𝑪) 26.47 22.62 25.60 26.27 

Maximum (°𝑪) 34.86 29.19 34.86 32.70 
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Figure 5: LST maps of a) 1990 b) 2000 c) 2010 and d) 2020 in Kota Bharu 

 

Trend Analysis 
The Mann-Kendall trend test analysis indicated the annual trend of LST in Kota 

Bharu. The Mann-Kendall test generates a positive result for the z-statistic. Based 

on the positive value, this implies that there is a strong increasing trend of the 

LST from 1990 to 2020. With a p-value of 0.0382, indicating that the result is 

statistically significant. Sen's Slope of 0.049 denotes the magnitude of the trend 

each year. In this scenario, the average annual increase is found to be 0.049°C 

per year (Table 7). 

 
Table 7: Annual trend of Kota Bharu   

Z-statistic P-value Sen’s Slope 

Annual 1.0190 0.0382* 0.049 
*Indicate statistically significant result 

 
LULC change and LST relationship 
To study the relation between the LULC indices and land surface temperature, 

200 randomly selected sample points from LST, together with NDBI and NDVI 

data were applied to fit the regression and determine the Pearson correlation 

coefficients. The R² values provide insights into the strength and nature of the 

relationship between NDVI and LST, NDBI and LST for each respective year.  
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A regression analysis was performed for the years 1990, 2000, 2010, 

and 2020 between the LST and both LULC indices; NDBI and NDVI. For LST 

and NDBI, it reveals R2 values of 0.4374, 0.6323, 0.5378, and 0.4994 for 1990, 

2000, 2010, and 2020, respectively. Positive values show that the LST value rises 

in tandem with the NDBI values (Figure 6). The results indicate that the link 

between NDBI (urbanization or built-up areas) and LST suggests that as 

urbanization increases in an area, there is also a notable tendency for the land 

surface temperature to rise. 

The NDVI-LST graph also showed a positive relationship. A regression 

analysis performed for the years 1990, 2000, 2010, and 2020 between the LST 

and the LULC index; the NDVI, reveals R2 values of 0.3189, 0.3551, 0.1919, and 

0.1428 respectively (Figure 7). This also suggests that there is a bidirectional 

relationship between them just as the NDBI-LST. LST can impact the phenology 

of vegetation and consequently, NDVI value. Conversely, variations in NDVI 

(vegetation changes) could also change LST such as a decrease in vegetation 

cover might lead to higher temperatures due to reduced shading and cooling 

effects of vegetation. 

 

 
 

Figure 6: Regression analysis between NDBI and LST in Kota Bharu 
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   Figure 7: Regression analysis between NDVI and LST in Kota Bharu 

 

CONCLUSION 
A low-cost change analysis based on remote sensing data was conducted in Kota 

Bharu, Kelantan, to quantify and map the changing patterns of LULC using 

remote sensing data. The analysis and mapping of LULC in Kota Bharu laid the 

groundwork for strategic planning, management, and decision-making. However, 

multispectral satellite imagery with very high resolution would allow for more 

accurate details about the changes in the area. 

According to the findings, most LULCs were converted into built-up 

areas between 1990 and 2020. The expansion of urban land is a result of vast 

population growth, as evidenced by the expansion of urban land in Kota Bharu. 

This region is a popular place to live because it is connected to other desirable 

cities such as Bachok, Tumpat, and Pasir Mas. During the observed period, there 

was also a 14.30% loss of vegetation and a 5.60% decrease in bare land for future 

development. The relationship between LULC and LST can be emphasized as 

how surfaces with high albedo and low absorptivity reflect heat, contributing to 

regional climate variability. A p-value of 0.0382 from the trend analysis for LST 

indicates that the result is statistically significant with an average annual increase 

of 0.049°C per year. The regression analysis results between the LULC indices 

and the associated LST values support this claim. In general, the increase in 

temperature in Kota Bharu is found to be affected by changes in LULC, with a 

positive correlation between the LULC indices, NDBI and NDVI with LST. As 

a result, proper land management is required to reduce the city's vulnerability to 

climate variability. Although many more indices are available, only the specified 

LULC indices have been used in this study. The influencing elements that may 

alter LST in urban settings, such as building height, density, and material, as well 

as seasonal changes, have not been included as they are difficult to detect in 

spatial datasets.  
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Abstract 

 

In common law jurisdictions, the doctrine of privity has been criticised by the 

judiciary and academic commentators, particularly the second rule of doctrine, 

which states that a person who is not a party to the contract cannot sue on it to 

obtain promised performance, although the contract has been formed with the 

intention to benefit him. In certain circumstances, this rule may produce unfair 

and injustice result to the third party of a contract, as it prohibits the third party 

from enforcing the right to get benefits conferred on them. The doctrine of privity 

becomes relevant in the context of tendering procedures when subcontractors, 

who are not direct parties to the main construction contract, are involved. Hence, 

the aim of this paper is two-fold: to highlight the difficulties of the existing legal 

mechanism associated with privity rule and to suggest possible ways to 

circumvent the effect of the doctrine of privity on subcontractors’ payment claims 

in the Malaysian construction industry. By adopting the socio legal research 

approach, the impact of the doctrine of privity, the difficulties of the existing legal 

mechanisms, and the need for a possible law reform were examined. The findings 

were also validated by conducting semi-structured interviews with five 

construction law experts. Among others, the findings showed that enhancement 

to the existing legal mechanisms and statutory intervention can effectively 

circumvent the privity rule and protect the subcontractor’s right for the payment 

claim. 

 

Keyword: construction contract, doctrine of privity, subcontractor’s payment 

claim, law of contract, legal mechanism
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INTRODUCTION   

The doctrine of privity has been recognised as one of the most fundamental parts 

of contract law in the Malaysian construction industry. This doctrine stipulates 

that a third party who is not a party in a contract cannot be conferred any benefit, 

right, or obligation under a contract (Poole, 2006). The doctrine of privity consists 

of two general rules. The first rule is the third party who is not a party to a contract 

cannot be held liable or subjected to any responsibility. This first rule is 

completely uncontroversial. The focal point of this research was the second rule 

of the doctrine of privity, which states that a third party is unable to enforce a 

contract to gain the promised performance, even though the contract was made to 

benefit them (McKendrick, 2000). The privity rule is derived from the English 

private law, as demonstrated in the classic case of Tweddle v Atkinson (1861) ER 

369. In this case, the plaintiff failed to act against the defendant, as he was a third 

party to the contract, which in consideration of the contract did not allow the 

stranger to take advantage of the contract, even though the contracting parties 

have intended to benefit the plaintiff.   

In most construction projects, the third party involved in a construction 

contract is the subcontractor (Jimmie & Andrew, 1994; Haron & Arazmi, 2020). 

The main contractor is usually liable for the payment of the subcontractor under 

the subcontract, but the subcontractor would have to face serious problems in the 

event of the main contractor going into liquidation. Liquidation is also referred 

to as winding up, an inability of the company to pay its debt or becoming 

insolvent, which can lead to the dissolution of a company (Goode, 1990). In the 

case of the main contractor’s liquidation, the subcontractor will become an 

unsecured creditor that has no priority to be paid based on the pari passu principle 

(Ng, 2006). Therefore, the subcontractor will generally try to claim the payment 

directly from the client. At this point, the subcontractor is unable to sue the client 

to obtain payment because of the absence of a contract between the client and the 

subcontractor, even though the client has accepted the work and goods provided. 

Consequently, critical issues would arise from the doctrine of privity against 

subcontractors. 

The injustice and inconvenience resulting from an established 

application of the privity rule have led to the arising of arguments. According to 

Lord Diplock in Swain v Law Society [1983] 1 AC 598, privity rule is considered 

“an anachronistic shortcoming that has for many years been regarded as a 

reproach to English private law”. Hence, several common law countries, which 

include England, Canada, and Australia have enacted legislations to reform the 

privity rule and protect third party rights under contract law. The legislation of 

Contracts (Rights of Third Parties) Act 1999 by the Parliament of the United 

Kingdom was implemented in England, Northern Ireland, and Wales as the most 

notable statutory exception to privity rule. It allows the third party to enforce the 

rights under a contract, if the contractual parties in the contract did not perform 
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their obligation. In Malaysia’s legal system, the privity rule is strongly embedded 

without a necessary legal reform despite the difficulties it has created, which can 

be proven by several law cases. 

For instance, the cases of University of Malaya v FBSM Ctech Sdn Bhd 

[2018] 5 MLJ 397 and MMC Oil & Gas Engineering Sdn Bhd v Tan Bock Kwee 

& Sons Sdn Bhd [2016] 2 MLJ 428 have clearly stated that harsh and 

unanticipated impacts have been caused by the application of the privity rule to 

the subcontractors, who were the third party in these construction contracts. It 

was held by these courts that the subcontractors were unable to sue the clients to 

gain the promised performance, especially payment of the completed work, since 

there were no direct contractual links between them. The payment of a 

subcontractor is the responsibility of the main contractor because of the existence 

of a subcontract between them. The privity rule disallows the subcontractor from 

claiming the unpaid payment of works done directly to the client, if the main 

contractor goes into liquidation. Hence, it is an injustice to subcontractors to 

suffer economic loss when they have fulfilled their obligations and the client has 

received benefits from them. 

To resolve the weakness of the privity rule, Malaysian courts have 

applied several circumventive mechanisms that could overcome the difficulties 

resulting from this doctrine. These mechanisms include collateral contracts, trust, 

agency, estoppel, assignment, and tort (Tan, 2009; Rosley et al., 2014). However, 

the effectiveness of these mechanisms remains a question. This paper presents 

the analysis findings of this socio-legal research on the application of these 

mechanisms, and the possibility of introducing a necessary statutory reform to 

effectively circumvent the effect of privity rule. This would mainly protect the 

subcontractor against the main contractor’s payment default, as well as 

insolvency. The following section briefly describes the research methodology 

used in this study. 

 

RESEARCH METHODOLOGY 
A doctrinal study is qualitative in nature concerning the development of legal 

'doctrines' based on the examination of legal norms (Chynoweth, 2008; M-Suaree 

et al., 2022). For centuries, the application of a doctrinal legal approach in a study 

has dominated areas of law. However, those who pioneered the socio-legal 

research field typically believe that we can only have a more complete picture of 

the law, if we adopt a more scientific view of it, not only through legal analysis 

but also via an empirical examination. Socio-legal methods are usually conducted 

through observations to describe the prominence of the “law in books” and “law 

in action”. These observations can provide better understanding on the law 

through science and on the environment and society compared to doctrinal or 

pure legal research (Chynoweth, 2008; Mante, 2021; Mccrudden, 2006).  
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The impact of the doctrine of privity, the problems of the existing legal 

mechanisms, and the need for a legal reform were examined, specifically based 

on the construction industry. Previous judicial decisions were analysed to identify 

any underlying problems with the existing legal mechanisms. The operation of 

legislative enactments in other common law jurisdictions were also examined in 

overcoming the effect of the privity rule. These findings were then validated by 

conducting semi-structured interviews with five construction law experts. The 

participants selected for this research are experts in construction law and legal 

advisory roles in Malaysia. They possess extensive knowledge and specialized 

expertise in the domain of construction contracts. These individuals are well-

versed construction law experts with the ability to offer valuable insights derived 

from their substantial involvement in Malaysian construction contracts. 

 

ANALYSIS OF EXISTING LEGAL MECHANISMS TO 

CIRCUMVENT DOCTRINE OF PRIVITY 
The following sub-sections present the analysis of existing legal mechanisms, 

namely, trust, estoppel, collateral contract, and assignment to circumvent the 

doctrine of privity, as well as the challenges and possible solutions based on the 

analysis of relevant judicial decisions with specific reference to Malaysian law 

cases.  

 

Trust 

The trust mechanism is one of the most widely used mechanism by Malaysian 

courts to circumvent the privity rule. The promisee acts as a trustee for a third 

party when the promisee enters a contract with the promisor (McKendrick, 2009). 

In the case of the promisor failing to perform their obligations, the third party 

may be able to recover their loss directly from the promisee. For example, in the 

case of Malaysian Australian Finance v The Law Union & Rock Insurance Co 

Ltd [1972] 2 MLJ, the appellant who was the owner of the tractor formed a 

contract with the hirer. The hirer then formed an insurance contract with the 

respondent, as promised under the contract with the appellant. Therefore, the 

owner was the third party to the insurance contract. The issue arose when the 

owner wanted to enforce the insurance contract to claim the loss. The court held 

that the owner can take legal actions against the respondent under the trust 

mechanism. 

It would also be difficult for a subcontractor to claim payment from a 

main contractor who becomes insolvent. The common issue is whether, for 

instance, a claim related to retention monies or performance bonds, can be 

considered as trust monies. This has been clearly decided in the case of Masai 

Tat Sdn Bhd v Sdn Bhd & Anor [2020] MLJU 803, where the pari passu principle 

required all unsecured creditors in winding up processes to share equally any 

available assets of the company in liquidation. Hence, the subcontractor may only 
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be able to claim the retention sum prior to other general creditors, if the contract 

formed between the main contractor and the employer has expressly stated that 

the retention money is held on trust for the subcontractor in the event of the main 

contractor’s payment default. The requirement to have a clear provision of trust 

is also illustrated by several case law, as shown in Table 1. 

 
Table 1: Summary of selected case law on trust 

Case law Decision of Court Rationale of judgement 

Qimonda Malaysia Sdn 

Bhd v Sediabena Sdn 

Bhd & Anor [2012] 3 

MLJ 422 

The Court of Appeal held that 

the retention money was held by 

the employer as trust monies for 

the contractor’s beneficiaries 

impliedly. 

The existence of the implied 

term in the construction contract 

that the retention sum was the 

trust money held by the main 

contractor for the benefit of the 

subcontractor. 

Pembinaan Lagenda 

Unggul Sdn Bhd v 

Geohan Sdn Bhd [2018] 

MLJU 196 

The Court of Appeal denied the 

fact that the retention sum can be 

deemed as the trust money. 

There was no express term to 

prove the intention of both 

parties to create trust. 

Pembinaan BLT Sdn 

Bhd v Portneka Sdn 

Bhd [2019] MLJU 811 

The Court of Appeal denied the 

fact that the retention sum can be 

deemed as the trust money. 

The failure to emanate retention 

monies from a contractor can be 

deemed as debt. 

SK M&E Bersekutu Sdn 

Bhd v Pembinaan 

Legenda Unggul Sdn 

Bhd [2019] MLJU 211 

The Federal Court stated that the 

trust was unable to be implied 

without the express term. 

The Federal Court held that the 

express contractual term was 

needed to prove the formation of 

a valid trust. 

 

Estoppel 

Estoppel is an equitable principle articulated by the equity rule resulting from the 

unwillingness to acknowledge the good faith principle applied in establishing the 

legitimacy of a contract in common law (Asmadi & Nazir, 2020). It can be 

applied to prevent unfairness from occurring when the promisor denies the 

promise made and cause the promisee to suffer loss. Basically, estoppel is a legal 

principle that can prevent the contracting party from arguing the facts that are 

inconsistent with the previous statement or action made. In the construction 

industry, estoppel is invoked depending on the promise made. Generally, the 

estoppel principle is allowed to be invoked, if the court held that implementing 

the promise is the only way to avoid causing injustice to the person who made 

the promise.  

One of the requirements that need to be fulfilled to apply the estoppel 

is the existence of a promise by way of an express term to avoid uncertainty (Lee 

et al., 2020). The promisee should also provide consideration, since the doctrine 

of estoppel can only be invoked by a third party, if it can be proven that the 

promise has been made by the promisor, or the contract has conferred benefit to 

the third party (Anida, 2013).  
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However, estoppel is said to be only a shield and not a sword in 

circumventing the privity rule, since it is deemed as an equity principle (Tan, 

2009). In the case of Combe v Combe [1951] 2 KB 215, the court held that the 

estoppel was only allowed to raise a defence, since the consideration of the 

contract was applicable. The third-party beneficiaries would have been 

unprotected, if they simply depended on the estoppel principle. In addition, 

estoppel is usually unavailable against a liquidator, as shown in the following 

Table 2. 

 
Table 2: Summary of selected case law on estoppel 

Case law Decision of Court Rationale of judgement 

Wong Chu Lai v Wong 

Ho Enterprise Sdn Bhd 

[2020] MLJU 76 

The Court refused to allow 

the application of estoppel to 

the liquidator. 

The estoppel could not operate 

against a liquidator, as it will 

interfere with his statutory power 

in investigating the debt, assets, 

and creditors of the company. 

Perbadanan Perwira 

Harta Malaysia v 

Kuntum Melor Sdn Bhd 

[2021] MLJU 1593 

The decision made in 

adjudication, which was 

relying on the estoppel, was 

set aside by the judicial 

commissioner. 

The adjudicator failed to examine 

the merits of the appellant’s 

defence and instead relied on the 

estoppel to ignore it. 

 

Collateral Contract 

The collateral contract is formed between the third party and the promisor in 

conjunction with the main contract entered by the promisor and promisee. The 

purpose of a collateral contract is to guarantee that the promisor will fulfil the 

promise in the main contract that is intended to benefit the third party (Tan, 2009). 

The effect of the doctrine of privity can be circumvented by the collateral 

contract, as the third party is allowed and entitled to take legal action against the 

promisor in case of a breach in the collateral contract. The collateral contract 

exists independently but it is related to the main contract (Seifi & Javad, 2018). 

The collateral contract should override any inconsistency with the main contract, 

and it should be amounted to promissory.  

It is also important that the intention of the parties to create the collateral 

contract to be proven and the consideration to be provided by the third party. 

However, it is tedious and impractical to apply collateral contracts in large and 

complex construction projects because large numbers of collateral contracts are 

required by the involvement of many subcontractors and consultants in such 

projects. Furthermore, a collateral contract may not be a suitable mechanism to 

circumvent the privity of contract for recovering late or non-payment, if the main 

contract forms clearly states that there is no privity of contract between the client 

and the subcontractors, nominated subcontractors or suppliers, e.g., in Clause 62 

of PWD203A (Rev.1/2010) and Clause 27.10 of PAM2018 (With/Without 

Quantities). Table 3 summarises relevant case law on collateral contract. 
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Table 3: Summary of selected case law on collateral contract 
Case law Decision of Court Rationale of judgement 

Bauer Sdn Bhd v Hundred 

Vision Construction Sdn 

Bhd & Anor [2020] 

MLJU 543 

The High Court held that 

there was no independent 

liability of the employer to 

pay the subcontractor. 

The liability of the employer to 

pay the subcontractor has been 

directly precluded by another 

clause in the collateral contract. 

Tan Swee Hoe Co Ltd v 

Ali Hussain Bros [1980] 2 

MLJ 16 

The Federal Court held that 

the collateral contract can 

be valid. 

The existence of the collateral 

contract has not violated the 

extrinsic evidence rule, that the 

oral promise was not incorporated 

into the primary contract. 

KM Quarry Sdn Bhd v Ho 

Hup Construction Co Bhd 

[2006] 7 MLJ 203 

The High Court held that 

the employer and the 

subcontractor were not in 

privity to each other. 

The clause in the subcontract has 

stated that all the other clauses in 

the contract were unable to create 

the privity of contract between the 

employer and the subcontractor. 

Y & Y Property 

Development Sdn Bhd v 

City-Lite Letrik Sdn Bhd 

[2015] 9 MLJ 411 

The High Court has 

dismissed the application of 

the employer in this case by 

making a judgement that no 

arbitration agreement was 

established between the 

employer and the 

subcontractor. 

The employer was unable to be 

deemed as a party to the 

subcontract by assumption and 

the subcontract has stated clearly 

that the subcontract was unable to 

create a privity of contract 

between the employer and the 

subcontractor. 

 

Assignment 

The assignment is generally applied by the contractor to assign the right of the 

subcontractor to be paid directly by the employer (Reza, Seyyed, & Mansour, 

2019). An issue may arise when the employer argues that the assignment does 

not exist, and he is not liable to pay the subcontractor. The element to establish a 

valid assignment needs to be fulfilled so that the existence of the assignment can 

be implied. In this context, the party involved in the assignment and the benefit 

that must be assigned have to be ascertained. As shown in Table 4, the 

requirements of the assignment should be absolute and certain, which means that 

the assignor has the intention to transfer all or part of the right or beneficial 

interest to the assignee.  
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Table 4: Summary of selected case law for assignment 
Case law Decision of Court Rationale of judgement 

Boustead Naval Shipyard 

Sdn Bhd v Dynaforce 

Corp Sdn Bhd [2015] 1 

MLJ 284 

The Court of Appeal 

held that the assignment 

was unable to be 

invoked. 

The parties involved in the 

assignment were not clearly stated 

and there was also an uncertainty in 

the letter issued. 

Seagate Global Trading 

Sdn Bhd v Pelita 

Maintenance Resources 

Sdn Bhd & Ors [2019] 

MLJU 1002 

The High Court made a 

judgement that the 

assignments between 

the parties were valid 

and absolute. 

The deed of assignment exists in a 

written form with the consent of the 

second defendant, and all the rights 

and interest have been assigned 

absolutely by the first defendant to 

the plaintiff. 

 

Figure 1 summarises the difficulties in dealing with the existing legal 

mechanisms and shows the proposed enhancement to the legal mechanisms to 

circumvent the effect of privity rule. 

 

 
 

Figure 1: Analysis findings of the existing legal mechanisms to circumvent the effect of 

privity rule 
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LEGISLATIONS IN OTHER JURISDICTIONS TO CIRCUMVENT 

PRIVITY RULE 

Criticisms towards the privity rule have led to the legislative enactments in 

several common law jurisdictions (Tan, 2009). The purpose of legislative 

enactments is to protect third-party rights and balance the justice within the 

parties involved in a contract. The following sub-sections briefly present the 

analysis findings of several legislative enactments in England and Australia, 

which are regarded as notable jurisdictions in evading the effect of privity rule. 

 

Australia (Queensland) - Subcontractors’ Charges Act 1974 (SCA 1974) 

This legislation governs the right to secure payment from an employer for 

subcontractors by placing the onus on the employer to maintain a sufficient 

amount of money due to the main contractor until the court can make the decision, 

as stated in Section 11 of SCA 1974. It allows the subcontractor to claim the 

payment from the employer, if the main contractor defaults in payment or 

becomes insolvent. This legislation can create a direct legal liability between the 

employer and the subcontractor who are not in privity to the main contract. The 

requirements that need to be fulfilled to invoke SCA 1974 are a valid contract 

between the employer and the main contractor, and the payment claim must be 

the money yet to be paid by the employer to the main contractor. To claim the 

payment owed by the main contractor directly from the employer, the 

subcontractor is required to issue a notice of claim to the employer, and this notice 

becomes a statutory charge that allows the subcontractor to bypass the insolvency 

of the main contractor. 

 

England - Contracts (Right of Third Parties) Act 1999 (CRTPA 1999) 

This legislation changes the benefit rule by allowing a third party to enforce a 

statutory right, if the contracting parties fail to perform the contract. Section 1(1) 

of the CRTPA 1999 provides that a third party right will arise in a contract, if the 

contract expressly gives the right to a third party. Hence, for a subcontractor to 

have the right to claim payment directly from the client, the main contract 

between the client and the contractor must expressly provide the right to the 

subcontractor to claim directly from the client. However, such a third party right 

should be provided cautiously with a certain limitation, i.e., if the client has not 

paid the payment for the work to the main contractor, as to avoid double claim. 

CRTPA 1999 is not meant to abolish the effect of the privity doctrine but is 

subject to fulfilling the requirements of the legislation. Thus, the right of the third 

parties can be protected via statutory power, even though they are not in privity 

to the contract.  
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PROPOSED STATUTORY REFORM 
The challenges in amending the standard forms of contract and unequal 

bargaining powers (i.e., the client or the main contractor dictates the use of a 

modified contract or contracts that are deemed siding to one of the parties) have 

raised the necessity of having a statutory intervention by way of statutory reform 

to appropriately circumvent the doctrine of privity. Generally, a statutory reform 

for the Malaysian legal system can be done via a general legislation or specific 

legislation. CRTPA 1999 in England is an example of a general legislation that 

can be introduced to provide a wider scope for protecting third-party rights for 

most types of contracts. However, this must be done cautiously, and the different 

types of third-party rights must be identified in the legislation, as to limit the main 

contracting parties’ liability, namely, the client and the main contractor, against 

a third-party claim, e.g., the subcontractor’s right to claim payment directly from 

the client because of the main contractor’s insolvency. 

A specific legislation could also address construction contract-related 

issues, e.g., application of the doctrine of privity and lack of security for payment. 

The Malaysian CIPAA 2012, for instance, is enacted to regulate the payment 

practice in the industry. According to Section 30 of CIPAA 2012, if the main 

contractor fails to pay the subcontractor, the subcontractor may use CIPAA 2012 

to claim the payment directly from the employer, if there is money payable to the 

main contractor. However, this direct payment is only available to the 

subcontractor, if the parties have triggered adjudication under CIPAA 2012 and 

the main contractor fails to comply with the adjudicator’s decision. Hence, a more 

rigorous approach is needed to effectively circumvent the effect of privity rule by 

way of amending the existing legislations, such as CIPAA 2012, to allow for 

protection of retention monies and the subcontractor’s right to claim directly to 

the client, if the main contractor goes into liquidation. A new specific legislation 

could also be proposed to regulate all or certain aspects of the construction 

industry. In this regard, the SCA 1974 enacted in Queensland, Australia is a good 

example of a specific legislation that was introduced to allow subcontractors to 

claim payment directly from owners and to help secure the payment owed or due 

by giving priority of payment to the subcontractors ahead of any unsecured 

creditors. 

An analysis of legislations in other jurisdictions have shown that the 

circumvention of the privity of contract is not a straightforward process. Unlike 

CIPAA 2012, which was intended to cover broader parties in regulating non-

payment matters, e.g., main contractors, subcontractors, suppliers, and 

consultants, the present study proposed that any statutory reform for 

circumventing the privity of contract should properly address the identity of the 

third party and the type of right to be conferred. Hence, a more specific legislation 

like the SCA 1974 could be the best option to be adopted by the Malaysian 

construction industry to protect the subcontractor, especially against the main 
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contractor’s default in payment and in the event of the main contractor going into 

liquidation. 

 

VALIDATION OF THE FINDINGS 
For validation purposes, these experts were asked to validate the effectiveness of 

the proposed enhancement of legal mechanisms and statutory reform. The 

proposed statutory reform was also validated in terms of public interest, certainty, 

and justice based on their extensive experience and expert knowledge. Based on 

a study by Wan Azlina (2016), purposive sampling was adopted and 5 

respondents have agreed to participate in the interview session to validate the 

findings. The respondents were approached through an online professional 

platform, LinkedIn. The respondents were selected based on their working 

experience, area of expertise, and position in their company, as shown on their 

LinkedIn profiles. Invitations to connect were sent to the potential experts with a 

short message. Subsequently, permissions to conduct interview sessions were 

sent in the chat box after they accepted the invitation to connect. The backgrounds 

of the respondents are listed in Table 5, while the validation results are provided 

in the following Table 6. 

 
Table 5: Background of respondents 

Respondent R1 R2 R3 R4 R5 

Gender Female Male Female Male Male 

Position in 

company 

Lawyer/Legal 

Advisor 

Lawyer  Lawyer/ 

Legal 

Advisor  

Legal 

Counsel  

Legal Advisor    

Area of 

expertise 

Construction 

Contract 

Management  

Construction 

Disputes 

Resolution 

Civil cases  Oil and 

Gas 

Industry  

Construction 

Contract 

Management  

Working 

experience 

11 years  18 years 7 years 12 years 30 years  

 

The respondents have shared their experience and opinions, and 

subsequently, offered some recommendations to overcome the challenges of the 

existing legal mechanisms to circumvent the effect of privity rule. Their 

recommendations were consistent with the analysis findings of the existing legal 

mechanisms to circumvent the doctrine of privity. These construction law experts 

generally agreed that the statutory mechanism would be necessary to circumvent 

the effect of privity rule. The feedbacks given by the respondents have shown that 

the proposed enhancement to the legal mechanisms and statutory reform can 

provide justice, certainty, and protect public interest. 
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Table 6: Findings of experts’ validation 
The effectiveness of the legal mechanisms to circumvent the effect of privity rule 

Trust “…completely agree… that the separation of retention money from the general 

fund is required.” (R1) 

“Need to write in the contract that the retention sum is held on trust.” (R3) 

“…the court held that the retention sum should be held in a trust account for 

subcontractor beneficiaries.” (R5) 

Estoppel “Yes, estoppel is also very inconvenient…need to state provision of direct 

payment from client to subcontractor expressly in the contract.” (R1) 

“…can have legislation in relation to this.” (R2) 

“…agree, the judicial decisions should be standardised.” (R3) 

Collateral 

contract 

“…can enact legislation to force the client to issue guarantee.” (R1) 

“Client wants to limit the liability, so it is hard to use collateral contract widely, 

unless there is a legislation that can force the client to do so…” (R2) 

“It would not be less effective than the contract, as long as the guarantee is 

given, then, it is enforceable.” (R4) 

Assignment “…the only way is to fulfil the requirement…need to state who is going to 

receive the right…” (R2) 

“…need to specify what rights need to be assigned…” (R4) 

“…need to draft the deed of assignment in detail and get consent from both 

parties.” (R5) 

The effectiveness of the proposed statutory mechanisms 

In terms of 

public interest 

“…can secure subcontractor payment, in the condition that the client did not 

pay the main contractor for that particular scope of work.” (R1) 

“The subcontractor can be protected under the statutory reform, even if it has 

not been stated in the contract.” (R2) 

In terms of 

justice 

“…can be fair because need to prove the consideration from the 

subcontractor…” (R1) 

“Legislation is fair to subcontractors; it enhances the existing position of the 

subcontractors and prevent them from suffering loss…” (R5) 

In terms of 

certainty 

“The proposed amendment can provide more clarity between client, main 

contractor, and subcontractor…” (R1) 

“Agree, it states the way to describe the third party clearly, whether all third 

parties include the sub-subcontractor or only the subcontractor…” (R2) 

 

CONCLUSION 

This research significantly contributes to the existing body of knowledge and 

serves as a valuable reference for future researchers. It achieves this by 

conducting a comprehensive study that examines the impact of the doctrine of 

privity within the context of the Malaysian legal system. Additionally, it delves 

into an analysis of the existing legal mechanisms within Malaysia while also 

considering legislative enactments in other common law countries. This 

multifaceted approach enhances the research’s potential to inform and guide 

future studies in this field. The findings of this study have highlighted several 

possible enhancements to the existing legal mechanisms that could circumvent 

the effect of privity rule in the Malaysian legal system. The suggested 

enhancements could overcome the difficulties faced by the legal mechanisms by 

providing clarity and certainty that are needed to effectively circumvent the 
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privity rule. It can be done, among others, by allowing a clear contractual 

provision that specifies the requirements for the retention money to be held in a 

trust account and explicitly provide the subcontractor with the right to claim 

direct payment from the client in case of the main contractor’s insolvency. 

However, these suggestions should be approached cautiously without 

compromising the client’s interest and other rights conferred in the main contract.  

The doctrine of privity becomes relevant in the context of tendering 

procedures when subcontractors, who are not direct parties to the main 

construction contract, are involved. When subcontractors submit bids or 

proposals during the tendering process, they are typically not in a direct 

contractual relationship with the owner. Instead, their contractual relationship is 

usually with the main contractor. Hence, it is important to properly draft tendering 

and evaluation procedures to ensure compliance with contractual provisions, 

especially those designed to circumvent the privity rule. An in-depth study is 

required to identify critical issues related to contractor insolvency and financial 

problems, and how these issues have seriously affected the subcontractors and 

the construction industry. Such a study could justify whether a statutory reform 

to circumvent the effect of privity rule should be introduced and limited to the 

Malaysian construction industry, by way of legislating or reforming the existing 

legislation through a specific legislation approach. 
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Abstract 

 

The present study intends to develop pedestrian crossing behaviour models based 

on road traffic and human factors. A questionnaire was distributed to 663 

pedestrians in Shah Alam. Respondents were asked to complete a questionnaire 

regarding their risk perceptions and attitudes pertaining to walking and road 

crossings. This study identified two human factors that influenced pedestrian 

crossing behaviour: the “risk-taker” and the “rule-follower.” The modelling 

analysis revealed a substantial correlation between human factors and crossing 

behaviour. Analysis of pedestrian crossing behaviour is useful to evaluate the 

implementation of novel pedestrian crossing environments. The study offers 

insights applicable to urban planning and policy approaches for reducing 

pedestrian accidents by utilising strategies such as extended signal timing, 

audible signals, countdown timers, and optimising intersection design to improve 

pedestrian safety.  

 

 

Keywords: Pedestrian crossing; Pedestrian crossing behaviour; Human factors; 

Pedestrian behaviour
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INTRODUCTION 
Human factors associated with pedestrians have received less attention in the 

literature than those associated with the majority of other road users. However, it 

is also highlighted that road and traffic factors alone can only explain a minor 

portion of urban pedestrian and crossing behaviour. Comprehensive research has 

been conducted on pedestrian crossing behaviour in urban areas, which has 

provided beneficial insight into the roles of road, traffic, and pedestrian 

characteristics on pedestrian crossing decisions, their compliance with traffic 

rules, and related safety. Despite a significant emphasis on pedestrian behavioural 

studies, the correlation between pedestrian behaviour and human factors has been 

minimally explored. The present study aims to develop pedestrian crossing 

behaviour models based on road traffic and human factors. Specifically, the 

objective of this study is to identify and analyse critical components influencing 

pedestrian walking and crossing behaviour, including pedestrians’ attitudes, 

expectations, motives, behaviours, and habits based on these human factors.  

 

LITERATURE REVIEW 
The number of published articles on research on human factors in road and 

transportation design and the behaviours of road users is extensive (Fuller & 

Santos, 2002). Several studies have been conducted related to human factors in 

pedestrians’ crossing behaviour using questionnaires or in-depth interviews. 

Evans and Norman (1998) developed hierarchical regression models for road 

crossing behaviour using a questionnaire as an instrument that included scenarios 

of three specific potentially dangerous road crossing behaviours. Earlier in 1996, 

Hine used in-depth interviews to discover pedestrians’ perceptions and 

assessments of traffic conditions and crossing facilities in the city of Edinburgh. 

Yagil (2000) modelled pedestrian crossing behaviour concerning measures of 

attitude, subjective norm, perceived behavioural control, intention, and self-

identity, subsequently proposing multivariate regression models of unsafe 

crossings relating to values, the consequences of the behaviour, instrumental and 

normative motives for compliance with safety rules, and situational factors by 

using respondents’ self-reported frequency. Alternatively, Diaz (2002) developed 

a structural equation model for explaining pedestrian risk-taking behaviour based 

on attitude, subjective norm, behavioural intention, and reported violations, 

errors, and lapses. 

Pedestrian behaviour is incredibly complex and influenced by 

environmental and urban design. Appropriate design of facilities will encourage 

walking without compromising safety and convenience (Shriver K., 1997). 

Waiting time and distance crossing (distance between the destination of the trip 

and the actual location of the crossing) are mainly external factors that may cause 

a dangerous crossing. The need to rush or the desire to keep moving along a 
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shortcut is the main subjective reason behind the lack of compliance with 

pedestrian signals or crossing facilities. Pedestrian violations can be considered 

the predictable outcome of the contradiction between external factors and human 

factors. Chu et al. (2003) used data obtained from pedestrians’ stated crossing 

preferences and explained them within the framework of disaggregate models. 

Yannis et al. (2007) improved Chu’s model by evaluating accident risk along a 

trip based on the estimated crossing behaviour of pedestrians. Nassiri and Sajed 

(2009) assessed and identified the valid parameters in a pedestrian’s decision-

making process based upon vehicle speed and headway on multi-lane streets by 

using the logit model. Papadimitriou et al. (2013) revealed the statistical analysis 

of their study and discovered seven components of pedestrian attitudes and 

behaviour (formed based on 54 questionnaire elements). Based on the literature 

review, the human factors to be examined in the present research have been 

defined, and the specific question has been designed to be tested according to 

pedestrian perceptions, attitudes, beliefs, motivation, etc. 
 

METHOD 
The present study aims for the development of pedestrian crossing choice models 

based on road and traffic conditions. More specifically, it intends to develop 

choice models for estimating the probability of crossing at each location along a 

pedestrian’s trip concerning roadway design, traffic flow, and traffic control. This 

paper also analyses pedestrian crossing behaviour based on pedestrians’ gender 

and age group. The data used in this study was collected through a questionnaire 

survey of 663 pedestrians aged from 13 to 75 years old in eight different areas of 

Shah Alam City. The selected sample was calculated based on the total 

population, which is about 336590 people, with a 99% degree of confidence and 

a 5% margin of error. For the development of the questionnaire, several 

questionnaires were adapted from the existing literature. The questions were 

designed to be rated based on Likert-type scales, including responses like 

“always/never” or “agree/disagree”. The questionnaire for this study was 

developed based on related crossing behaviour elements, such as perceptions, 

attitudes, beliefs, motivation, etc. The questionnaire includes four sections:  

 

• Section A: Demographics 

• Section B: Risk Perception, Attitudes, and Preferences (Human Factors) 

• Section C: Pedestrian Crossing Behaviour 

• Section D: Pedestrian Perceptions of Drivers 
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Field Survey Design 
The field survey design consists of three walking conditions, and several places 

have been identified as survey areas according to these three crossing conditions. 

 

• Crossing a main urban road with signal-controlled and uncontrolled 

crosswalks: 

For this particular crossing condition, Section 7, Shah Alam, has been 

identified as the survey area that involves UiTM students crossing the 

road to access commercial facilities near the campus. Besides that, 

crossing facilities near Shah Alam’s Hospital have also been surveyed to 

measure the effectiveness of pedestrian crossing facilities and their 

relation to crossing behaviour. 

 

• Crossing a minor (residential) road with or without marked crosswalks:  

Several schools located near residential areas have been chosen as the 

survey area, which includes Sections 6, 7, 9, 15, and 19. Besides that, 

locations that facilitate public transport have also been chosen as the 

survey area, such as Section 15 (Padang Jawa) and Section 19. 

 

• Crossing a major urban arterial road with signal-controlled crosswalks:  

 

For this particular crossing condition, a high-capacity urban road has been chosen 

as the study area, which involves a pedestrian crossing that accesses a bus station 

in Section 13, close to the Federal Highway. This pedestrian crossing is also being 

used to access AEON Mall.  
 
Table 1: Study Areas with the Number of Populations and Sample Size 

Locations Population 
Sample 

Size 

Section 7 (Pusat Komersil Sek.7, KFC, McD) 37,415 100 

Section 7 (SMK Section 7) 50 

Section 7 (SK Section 7) 50 

Section 13 (MSU) 2,075 100 

Section 14 (PAS, PKNS, SACC) City Centre 100 

Section 16 (Padang Jawa, SK Padang Jawa) 5,355         60 

Section 18 (Ole-Ole, Pusat Komersil) 10,320 100 

Section 19 (KTM, SK Section 19, Integrated Islamic School) 10,900 103 

Total 66,065 663 
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Figure 1: Location of Study Area 
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FINDINGS 
Descriptive statistics 

A survey was created and implemented to evaluate the assumptions specified in 

the study. Ultimately, a survey was created to ascertain respondents’ perceptions, 

attitudes, and preferences pertaining to pedestrian crossing, including 

individuals’ preferences and desire to walk. A number of behavioural and 

compliance-related inquiries were conducted, which were further supplemented 

with information from additional published surveys pertaining to perceptions, 

attitudes, beliefs, motivations, and associated factors (Evans & Norman, 1998; 

Bernhoft & Carstensen, 2008; Yagil, 2000; Sisiopiku & Akin, 2003). 
 

Table 2: Attitudes and Preferences for Walking 
Reasons for Walking Frequency Percentage 

For short trips, I prefer to walk. 399 60.2 

I have to walk because I am taking public transportation. 206 31.1 

I walk because it is healthy. 186 28.1 

I walk because I have no other choice. 150 22.6 

I walk because it saves me time to arrive at my destination. 133 20.1 

I walk to avoid traffic congestion. 111 16.7 

I walk for the pleasure of it. 71 10.7 
 

Table 2 shows that the majority of respondents prefer to walk on a short 

trip (60.2%). Most respondents did not give a positive travel motivation (e.g., 

health and pleasure purposes have low scores). More than one-third (31.1%) of 

the respondents’ reported that they walked because they were taking public 

transportation. Azmi and Abdul Karim (2018), in their study, also found that 

people in urban areas, especially in Putrajaya and Shah Alam, are more likely to 

drive rather than walk. In terms of their willingness to walk, 41.2% of respondents 

said that the farthest distance they are willing to walk is less than 500 metres, 

followed by 37.7% who said that the farthest distance they are willing to walk is 

between 500 metres and 1 kilometre. 

Table 3 summarises the responses on risk perceptions related to the road 

crossing, the value of time, and opportunistic behaviour, among others. Most 

pedestrians have positive attitudes and preferences (e.g., being risk-conscious and 

compliant), as they tend to agree that crossing roads outside designated locations 

is risky and illegal. However, the majority of pedestrians also agree that crossing 

roads outside designated locations saves time, and crossing roads outside 

designated locations is acceptable because other people do it. 
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Table 3: Distribution of Pedestrian Perceptions, Attitudes, and Preferences at the 

Pedestrian Crossing  
1 2 3 4 5 Mean 

B_2 Crossing roads at designated 

locations reduces the risk of 

accidents. 

1 

0.2% 

3 

0.5% 

56 

8.4% 

390 

58.8% 

213 

32.1% 

4.22 

B_3 Crossing roads outside the 

designated locations is illegal. 

8 

1.2% 

21 

3.2% 

112 

16.9% 

372 

56.1% 

150 

22.6% 

3.96 

B_4 I prefer routes with signalized 

crosswalks. 

1 

0.2% 

5 

0.8% 

113 

17.0% 

349 

52.6% 

195 

29.4% 

4.10 

B_5 I try to make as few road 

crossings as possible. 

2 

0.3% 

20 

3.0% 

111 

16.7% 

370 

55.8% 

160 

24.1% 

4.00 

B_8 I am willing to take any 

opportunity to cross. 

4 

0.6% 

19 

2.9% 

136 

20.5% 

308 

46.5% 

196 

29.6% 

4.02 

B_9 Crossing roads outside the 

designated locations saves time. 

4 

0.6% 

29 

4.4% 

167 

25.2% 

301 

45.4% 

162 

24.4% 

3.89 

B_10 Crossing roads outside the 

designated locations is 

acceptable because other people 

do it. 

9 

1.4% 

34 

5.1% 

161 

24.3% 

274 

41.3% 

185 

27.9% 

3.89 

*1: strongly disagree; 2: disagree; 3: undecided; 4: agree and 5: strongly agree 

 

Table 4 summarises the respondents’ self-reported behaviour, 

compliance, and risk-taking. The result shows the majority of pedestrians have 

less positive behaviour when they choose “sometimes “in terms of crossing at a 

designated crosswalk. Even in situations where pedestrians are pressed for time 

and there is no approaching traffic or when vehicles are stationary due to traffic 

congestion, it is observed that a majority of pedestrians opt to cross the road at 

the designated crosswalk. Less than 5% reported that they never cross at a 

designated crosswalk on a major urban road. 

Nevertheless, the majority of pedestrians responded that they “never” 

cross roads without paying any attention to traffic. The majority of respondents 

reported they “sometimes” cross roads even when the pedestrian signal light is 

red. They also “sometimes” cross designated crosswalks absent-mindedly, like 

talking on a cell phone or listening to music on headphones. It may be interesting 

to note that pedestrians report that they “often” cross at designated crosswalks 

when they see other people do so. 
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Table 4: Distribution of Pedestrian Behaviour, Compliance, and Risk-Taking 
Pedestrian Crossing  

Behaviour 

Never Rarely Sometimes Often Always 

N % N % N % N % N % 

C_1 I cross at a 

designated 

crosswalk when 

there is no 

oncoming traffic. 

2 0.3 8 1.2 401 60.5 129 19.5 123 18.6 

C_2 I cross at a 

designated 

crosswalk when I 

am in a hurry. 

17 2.6 19 2.9 434 65.5 107 16.1 86 13.0 

C_3 I cross at a 

designated 

crosswalk when 

there is a shop I 

like on the other 

side. 

13 2.0 18 2.7 414 62.4 126 19.0 92 13.9 

C_4 I cross even though 

the pedestrian light 

is red. 

226 34.1 136 20.5 235 35.4 53 8.0 13 2.0 

C_5 I cross between 

vehicles stopped on 

the roadway in 

traffic jams. 

17 2.6 25 3.8 419 63.2 121 18.3 81 12.2 

C_6 I cross without 

paying attention to 

traffic. 

269 40.5 209 31.5 116 17.4 39 5.9 30 4.5 

C_7 I am absent-minded 

while crossing. 

65 9.8 52 7.8 374 56.4 99 14.9 73 11.0 

C_8 I cross while 

talking on my cell 

phone. 

58 8.7 40 6.0 390 58.8 99 14.9 76 11.5 

C_9 I cross while 

listening to music 

on my headphones. 

150 22.6 45 6.8 348 52.5 50 7.5 70 10.6 

C_10 I cross even though 

obstacles (parked 

vehicles, buildings, 

trees, etc.) obstruct 

visibility. 

33 5.0 24 3.6 384 57.9 158 23.8 64 9.7 

C_11 I cross even though 

there are oncoming 

vehicles. 

147 22.2 364 54.9 40 6.0 46 6.9 66 10.0 

C_12 I cross at a 

designated 

crosswalk when I 

see other people do 

so. 

13 2.0 20 3.0 178 26.8 381 57.5 71 10.7 
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C_13 

 

I cross at a 

designated 

crosswalk when my 

company prompts 

me to do so. 

35 5.3 75 11.3 245 37.0 219 33.0 89 13.4 

C_14 

 

I inspire my 

company to cross at 

a designated 

crosswalk. 

25 3.8 65 9.8 240 36.2 205 30.9 128 19.3 

 

Confirmatory Factor Analysis (CFA) in the Measurement Model 

Table 5 shows the summary of confirmatory factor analysis (CFA) for every 

construct in the measurement model. Based on Table 4, the value of factor loading 

for each item is higher than 0.60. Item B6, B7, C4, C13, and C14 were deleted 

due to a low factor loading of less than 0.60. The requirement for 

unidimensionality was achieved through the item deletion procedure for low-

factor loading items. The value of AVE obtained from every construct is higher 

than 0.50. Thus, convergent validity for the measurement model is achieved since 

all the values for AVE are higher than 0.50, as suggested by Fornell and Larcker 

(1981). 

 
Table 5: Summary for Confirmatory Factor Analysis (CFA) in the Measurement Model 
Construct Component Item Factor Loading CR AVE 

Human Factors Component 1 

 

B2 0.74 0.89 

 

0.68 

 B3 0.87 

B4 0.81 

B5 0.86 

Component 2 

 

B8 0.87 0.93 

 

0.81 

 B9 0.86 

B10 0.96 

Crossing 

Behaviour 

Component 1 

 

C1 0.61 0.84 

 

0.65 

 C2 0.94 

C3 0.83 

Component 2 

 

C6 0.93 0.95 

 

0.87 

 C7 0.91 

C8 0.96 

Component 3 C9 0.90 0.93 0.80 

C10 0.88 

C11 0.91 

 

Based on Table 6, when the three Fitness index categories, namely 

Absolute Fit, Incremental Fit, and Parsimonious Fit, meet the requirements, 

construct validity is achieved. CFI is equal to 0.90 or higher, RMSEA is equal to 

0.08 or lower, and the ratio of Chisq/df is less than 5.0. 
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Table 6: Summary for the Assessment of Fitness Indexes 
Category Fit Recommended Obtained Comment 

Absolute Fit RMSEA < 0.08 0.085 Satisfied 

Incremental Fit CFI > 0.90 0.954 Achieved 

Parsimonious Fit Chisq/df < 3.0 5.722 Satisfied 

 

Reliability and Validity of the Measurement Model 

For component validity, the value of AVE obtained from every construct is higher 

than 0.50. Thus, the convergent validity of the measurement model is achieved 

since all the values for AVE are greater than 0.50, as suggested by Fornell and 

Larcker (1981). In terms of reliability, a Cronbach’s Alpha of 0.6 or higher for a 

component reflects the measuring items under that particular component and 

provides a reliable measure of internal consistency. Nunnaly (1978) suggested 

that the value of Cronbach’s Alpha must be greater than 0.60. The value of 

Cronbach’s Alpha for each construct in this study exceeded the minimum value 

of 0.6, as recommended by Nunally (1978). Therefore, internal reliability is 

achieved. 
 
Relationship between Human Factors and Crossing Behaviour 

Table 7 shows the standardised regression weight for the structural model. Based 

on the table, the path coefficient of human factors to the crossing behaviour is 

0.49. This value indicates that for every one-unit increase in human factors, its 

effects will contribute an increase of 0.49 units in crossing behaviour since the p-

value is less than 0.05 (p = 0.0001 < 0.05); therefore, it can be concluded that 

there is a significant relationship between human factors and crossing behaviour. 
 

Table 7: Relationship between Human Factors and Crossing Behaviour 
Path Coefficient Estimate P-value Comment 

Human Factors to 

Crossing Behaviour 

0.49 0.0001 Significant 
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Figure 2: Structural Model 

 

DISCUSSION 
Contribution of the Human Factors Dimension to the Crossing Behaviour 

Model 

The results of the modelling research indicated the presence of two distinct 

factors within human factors that exert an influence on pedestrian crossing 

behaviour. These factors were identified as a “risk-taker” component and a “rule-

follower” component. This study suggests that the “risk-taker” component has a 

higher contribution to crossing behaviour, as indicated by the path coefficient in 

the human factors analysis. 

 
Table 8: Contribution of the Human Factors Dimension to the Crossing Behaviour 

Path Estimate P-value Comment 

HFC 1 (Rule-

Follower) to Crossing 

Behaviour 

 0.11 0.029 Significant 

HFC2 (Risk-Taker) to 

Crossing Behaviour 

 0.25 0.0001 Significant 

 

Based on Table 8 above, the path coefficient of human factor-

component 1 (HFC1) to the crossing behaviour is 0.11, and the path coefficient 

of human factor-component 2 (HFC2) to the crossing behaviour is 0.25. The 

value of the beta estimate for HFC2 to the crossing behaviour is higher than the 
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value of the beta estimate for HFC2 to the crossing behaviour, which is 0.25 > 

0.11. Therefore, it can be concluded that HFC2 contributes more to crossing 

behaviour. 

 

 
Figure 3: Contribution of the Human Factors Dimension to the Crossing Behaviour 

 
The two group components of the human factors that influenced 

pedestrian crossing behaviour can be described as follows: 

 

• “Rule-Follower” pedestrians have slightly positive attitudes, perceptions, 

and behaviours, as they have low scores on risk-taking (e.g., “crossing 

roads at designated locations reduces the risk of an accident,” “crossing 

roads outside designated locations is illegal,” “prefer routes with 

signalized crosswalks, “and “trying to make as few road crossings as 

possible”). 

• “Risk-Taker” pedestrians have negative attitudes, perceptions, and 

behaviours, as they have high scores on risk-taking behaviour (e.g., “I 

cross even though there are oncoming vehicles,” “I cross even though the 

pedestrian light is red,” “I cross even though obstacles obstruct 

visibility,” and “I am absent-minded while crossing”). 

 

The introduction of two components of pedestrian crossing behaviour 

as explanatory variables, namely the” rule-follower” and “risk-taker” 
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components, indicates that human factors have additional explanatory power over 

traffic and road factors of pedestrian behaviour. This study is therefore expected 

to meet the government’s strategy to reduce road accidents and create more 

sustainable mobility environments in our cities. Sustainable mobility will not 

only add value to the environment but also enhance economic vitality (Rahman 

A. R. et al., 2015). 

 

RECOMMENDATION 
From the modelling analysis in the study area, the results showed that the “risk-

taker” component contributed more to crossing behaviour. This group can be 

considered vulnerable pedestrians since they have high scores on risk-taking 

behaviours. Several actions can be suggested as an effective way of reducing the 

risk to this type of pedestrian: 

 

• The Creation of dedicated spaces for vulnerable road users, such as 

upgraded sidewalks, wide pedestrian paths, and even partially or 

completely pedestrianised streets and squares, is recommended. Safe 

crosswalks are essential and should be marked and positioned 

appropriately. Other notable design features include excellent visibility, 

lighting, and the absence of visual obstacles.  

• Speed reduction is to be made mandatory, which involves establishing 

speed limits appropriate to each environment and ensuring they are 

respected. In urban areas, for example, the speed should be limited to 50 

km/h, or even 10, 20, or 30 km/h in some neighbourhoods, to encourage 

walking and non-motorised mobility. Adapting the road infrastructure—

by narrowing the road, building refuge islands, curb extensions, raised 

pedestrian crossings, and speed bumps—is vital to achieving speed 

reduction. 

• Promotion of greater awareness should be carried out through road 

safety education and training and by ensuring that the traffic laws that 

prioritise pedestrians are widely known and adequately enforced. 

 

The spatial needs, mobility challenges, and cognitive capacities of 

pedestrians can be distinguished from each other in addition to walking pace. To 

help create the safest system feasible, it is essential to understand the 

characteristics of the variety of pedestrians who may use transit.  

Table 9 below summarises some important pedestrian characteristics to 

consider when making pedestrian safety improvements near transit. 
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Table 9: Pedestrians’ Spatial Needs, Mobility Issues, and Cognitive Abilities 
Pedestrian Group Characteristics & Behaviours 

Children Pedestrians • May have difficulty choosing where and when it is safe to 

cross the street. 

• May have difficulty seeing (and being seen by) drivers of 

all types of vehicles, including buses, because of less 

peripheral vision and shorter stature than adults. 

• May have difficulty judging the speed of approaching 

vehicles. 

• May need more time to cross a street than adults. 

Elderly Pedestrians • May have reduced motor skills that limit their ability to 

walk at certain speeds or turn their heads. 

• May need more time to cross a street than younger adults. 

• May have difficulty with orientation and understanding 

traffic signs, so they may need more information about 

how to access transit and get around safely. 

• May have difficulty judging the speed of approaching 

vehicles. 

People with Disabilities (e.g., 

people using wheelchairs, 

crutches, canes, or people 

with visual or cognitive 

impairments) 

• May be more affected by surface irregularities in the 

pavement and changes in slope or grade. 

• May need more time to cross a street than people without 

disabilities. 

• May benefit from pedestrian signal information provided 

in multiple formats (audible, tactile, and visual). 

• May have trouble seeing (and being seen) by drivers of all 

types of vehicles due to their seated position (for 

individuals using wheelchairs). 

• Pedestrians who are blind or who have low vision may 

have trouble detecting yielding vehicles or communicating 

visually with drivers when crossing at unsignalized 

crosswalks. 

 

Pedestrian safety requires a multi-pronged approach that combines 

smart and inclusive road design, effective enforcement of traffic regulations, 

prompt post-crash response, and improved road safety education. The results 

suggest a need for a substantial contribution from governments, planners, and 

engineers to obtain an even more positive change in the safety of vulnerable road 

users. By convening all stakeholders in a collaborative manner to effectively and 

cohesively implement these proposed solutions, there is the potential to 

significantly impact and preserve numerous pedestrian lives. 

 

CONCLUSION 
The study of pedestrian crossing behaviour has underscored the significance of 

multiple elements that influence pedestrian safety at crosswalks. The use of these 

findings in the field of urban planning and policymaking has the potential to 

facilitate the implementation of customised infrastructural improvements aimed 
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at enhancing pedestrian safety in high-density areas. Furthermore, the present 

study advocates for further research into other potentially influential factors, such 

as lighting and social group dynamics, to fully understand pedestrian behaviour 

at crosswalks. Overall, the study on pedestrian crossing behaviour serves as a 

critical reminder of the imperative to prioritise pedestrian safety and incorporate 

pedestrian-centric design into infrastructural development. It is essential that The 

study’s findings on pedestrian crossing behaviour be duly considered by 

policymakers and urban planners in order to formulate specific infrastructural 

interventions that prioritise pedestrian safety in high-density areas. In conclusion, 

the study of pedestrian crossing behaviour sheds light on a crucial issue affecting 

urban areas and underscores approaches for improving pedestrian safety through 

infrastructural interventions that employ strategic measures. 
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Abstract 

 

Nowadays in Malaysia, riverine litter has become a major environmental 

problem. Knowledge of solid waste generation, composition and recyclability is 

necessary for accurate decision making in the management strategy of municipal 

solid waste. This study is conducted to assess riverine litter and its recycling 

potential along Sungai Kelantan at Kampung Pasir Era Kelantan. The objectives 

are to determine the generation and composition of riverine litter and to evaluate 

the recycling potential of the litter. The waste samples are collected over a 14-

day period at three different zones within the study area. Through quantification 

method, composition, proportion and the average daily total weight of the litter 

were determined. Findings show that the total weight of waste collected for all 

zones throughout the 14 days operation was found to be 70.912 kg out of which 

the upper-bank generated 25.9 kg. The result also shows that plastic has the 

highest contribution to riverine litter with 68.20%. Additionally, estimated 

revenue from potentially recyclable litter generated in 14 days was RM33.96. 

This study provides the local authority and relevant agencies with baseline 

information for effective management of riverine litter based on recycling 

potentials. 

.  

 

Keywords: riverine litter, quantification method, recycling, riverbank, solid 

waste, revenue estimates  
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INTRODUCTION 
The term riverine litter refers to litter present in rivers and on river bank referred 

to it as solid waste being disposed or washed away into the river (Malik & Manaf 

2018). Small urban rivers are thought to be major sources of riverine litter, 

especially macro-plastics, into the ocean (Tramoy et al., 2022). The study of 

riverine litter is very important as it is not only protecting the direct usage of 

freshwater, but also the merits of protecting riverine ecosystems (Owens et al., 

2020). Even though marine debris are often discussed as the threat to the 

environment, riverine litter issues are very important as it can threaten the 

environment, human health and socio-economic activities. Estimates show that 

between 1.15 and 2.41 million tonnes of plastic waste currently enters the ocean 

every year from rivers, with over 74% of emissions occurring between May and 

October (Lebreton et al., 2017). There are many activities that lead to riverine 

litter issues such as illegal dumping and improper solid waste management by 

people in communities. The attitude of the people plays a vital role in influencing 

riverine litter. For instance, many rural areas in Malaysia are not provided with 

solid waste collection service due to the budget limitation by the local authorities. 

This makes most of the community members to throw their wastes into rivers. 

While most communities in urban area receive solid waste collection services, 

only 66% coverage is found in rural areas (Ya'acob et al., 2019). 

Kampung Pasir Era is located outside the service area of Kuala Krai 

Municipal Council. Hence, members of the community are responsible for the 

disposal of the solid waste they generate. Usually, they manage and dispose their 

solid waste by open burning and dumping on the ground. Without a proper 

management, most of the solid waste gets into the river system when there is 

rainfall or settle on the riverbank. Storms and huge floods can transport solid 

waste between riverbanks and dump it far away from the water's edge, where it 

gathers until being washed away by another high flood (Roebroek et al., 2021). 

In this community, people are getting aware of the implications of riverine litter, 

however they tend to continue throwing their waste carelessly. For instance, 

despite ten years of "clean river" programmes, 700kg of trash is thrown every day 

into the Sungai Klang, the main river that runs through downtown Kuala Lumpur 

and Greater Kuala Lumpur (The Straits Times 2022). In addition, the people tend 

to ignore the negative effects arising from their actions and no mitigation 

measures are taken by all parties. 

An efficient means of managing wastes is by recycling but the potential 

for recycling riverine litter is quite challenging. Recycling is an important part of 

municipal waste management and resource efficiency strategies, as well as 

industrial processes (Abd Rauf et al., 2021). Daily, Malaysians produce roughly 

38,699 tonnes of solid garbage, or about 1.17 kilogrammes per person (Malaysia 

Versus Waste Features the Chemical Engineer, 2022). Recent record shows that 



Syarifah Nur Najwa Syed Alwi, Latifah Abd Manaf, Abd Muhaimim Amiruddin, Sunday Yusuf Kpalo, & 

Nazatul Akmal Nazibudin  

Riverine Litter Assessment and Recycling Potential Along Sungai Kelantan at Kampung Pasir Era, Kelantan, 

Malaysia 

 

© 2023 by MIP 50 

this year's National Recycling Rate increased to 31.52 percent, up from 30.7 

percent previous year, with recyclables totalling 4.3 million tonnes (The Sun 

Daily, 2022). However, the recycling rate is still low as the National Recycling 

Rate is targeted at 40% by 2025. Therefore, by assessing the potential recyclable 

material from riverine litter, recycling rate can be increased thereby reducing the 

waste disposal at the landfills. 

According to Malik and Manaf (2018), quantifying the types and 

abundance of riverine litter not only provides baseline data for the waste 

reduction programmes, but it can also describe the potential of recyclable 

materials from the waste stream. There is not enough data to provide solutions to 

riverine litter as there are only a few studies on riverine litter especially on plastic 

materials (Sadri & Thompson 2014). It is vital to have a sufficient data on riverine 

litter materials so that it can be assessed for recycling purposes after the litter 

collection from the river is done. 

Thus, this study is conducted to assess riverine litter and its recycling 

potential along Sungai Kelantan at Kampung Pasir Era Kelantan. The objectives 

are to determine the generation and composition of riverine litter and to evaluate 

the recycling potential of the litter. Riverine litter quantification and composition 

are very important in understanding the attendant problems associated with it and 

recommending solutions to solve such issues. This study anticipates that 

quantifying the types and abundance of riverine litter will help organisations 

involved with waste management to provide proper management solutions and 

baseline data for waste reduction programmes. 

 

MATERIAL AND METHODOLOGY 

Study Area 

Sungai Kelantan is a major river in Kelantan (Figure 1). Its drains a catchment 

area of about 11,900 km2 in north-east Malaysia including a part of Kuala Koh 

National Park and flows northward to South China Sea. For this research, Sungai 

Kelantan along Kampung Pasir Era in Kuala Krai district was selected as the 

study area. Kampung Pasir Era is situated in Kuala Krai, Kelantan. Its 

geographical coordinates are 5° 32' 2'' North, 102° 11' 58'' East and with about 

1.3 km length. It consists of 700 people with various background. Kampung Pasir 

Era was selected as the study area being a non-serviced residential area and 

transportation centre that connect the river to the other sides of Sungai Kelantan.   
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Figure 1: Study area along Kelantan River in Kampung Pasir Era. 
Source: Google Map, 2023 

 

Sampling Procedure 

For litter sampling, only the river bank was considered and no litter was sampled 

from the river bed. The study area was divided into three zones namely the river 

shore, mid bank and upper bank. For each zone, three circles with 2-meter radius 

were sampled. Being an uneven riverside ground, with rocks and vegetation, it is 

often difficult to mark the sampling area with standard quadrats. Therefore, 

sample in circle was chosen, which was defined by fixing a line with the length 

of the radius in the center of each circle, and marking the outer edge of the circle 

along the tightened rope. Everything visible within the given area that is 

attributable to human activity was collected. 14 days of sampling for riverine 

litter collection was conducted within the months of August to October as per 

Malik and Manaf (2018). These months are usually rainy seasons in Malaysia. 

 

Secondary Data for Maximum Wind Speed and Total Rainfall 

A secondary data of maximum wind speed and total rainfall for 14 days of 

operation day was obtained from World Weather Online. The data for both 

parameters is shown in Table 1. 
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Table 1: Maximum Wind Speed and Total Rainfall for 14 Days 
Day Rainfall (mm) Wind Speed (kmh) 

1 1.6 6 

2 0.9 5 

3 0 3 

5 0.1 3 

5 1.4 4 

6 0 4 

7 0.1 4 

8 0.1 4 

9 0.6 5 

10 1.1 4 

11 0.8 4 

12 0.9 5 

13 4 4 

14 1.9 8 
Source: Kuala Krai, Kelantan, MY Historical Weather Almanac 

 

Quantification Method 

Quantification method is used for determining the sorts of things dumped in a 

waste stream and the proportions in which they are disposed (Alias et al., 2019). 

This study employed quantification at the waste collection point. Sorting was 

carried out on the same day after the waste was collected. After every session of 

waste sampling, the waste was analysed by sorting and weighing according to its 

type. The sample of waste was segregated manually into eight different 

components and placed in containers. In this study, the riverine litter composition 

was classified into eight different types of waste (plastics; metal; 

cardboard/paper/tetrapak (CPT); glass; bulky waste; napkins; rubber; textiles; 

and others). The weight of each sorted composition was measured with a 

weighing balance and recorded. At the end of every sorting, the individual 

weights were summed together to give the average daily total weight of riverine 

litter collected. Finally, the percentage composition of each of the components 

was then calculated. 

 

Revenue estimation for recyclable litter 

Recycling is an important part of municipal waste management and resource 

efficiency strategies, as well as industrial processes (Hotta et al., 2015). 

Differentiating the solid wastes among recyclable and non-recyclable categories 

was done after obtaining the weight percentage of each individual component. 

Among the waste materials found, only plastics, glasses, CPT and aluminium 

were considered for recycling, hence, how much they cost was sought for. Table 

2 shows the price list for recyclable materials based on current market price from 
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Alam Flora. The estimated value for recyclable material is calculated by 

converting the total weight of potential recyclable material into Malaysian 

Ringgit (RM). The calculation is done using the following equation adapted from 

revenue estimation described in Samah et al., (2015).  

 

𝐸𝑟 = 𝑇𝑤 𝑥𝑊𝑝……………………………... Eq 1 

 

Where: 

ER = Estimated revenue 

Tw = Total weight 

Wp = Price of waste material 

 
Table 2: Price list for recyclable materials 

Litter type Price per kg (RM) 

Plastic 0.40 

Glass 0.10 

CPT 0.45 

Aluminum 2.00 

Source: (Oon,2022) 

 

Data Analysis 

The study utilised both descriptive and inferential statistics to analyse the data 

obtained. Descriptive analysis was used to describe the characteristics of the 

collected samples along the Sungai Kelantan in Kampung Pasir Era. It is very 

useful to collect information on the total weight of riverine litter during the 

sample collection and the weight of different types of waste composition; the 

means, standard deviation (SD) and range of minimum and maximum value for 

each variable; and others relevant information. For the inferential statistics, one 

way analysis of variance (ANOVA) was conducted to compare the mean between 

variables and to identify the significant difference between variables (i.e., 

between the litter collected at the river shore, middle-bank and upper-bank)  

 
ANALYSIS AND DISCUSSION 

Composition of riverine litter 

Figure 2 shows the percentage composition of waste collected at the riverbank 

along Sungai Kelantan at Kampung Pasir Era. Plastic has the highest contribution 

to the riverine litter with 68.20% while textiles had the least contribution with 

only 0.92%. The mean and SD of the composition of the collected waste is also 

shown in Table 3. Most of the plastic waste come from various sources such as 

food packaging, water bottle, plastic bag and polystyrene. Since Kampung Pasir 
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Era is within the non-service area of Kuala Krai District Council (KKDC), there 

was no bin provided at the area. Hence, the people tend to litter instead of 

throwing it at a designated area. Similar composition or riverine litter was 

reported in Malik and Manaf (2018) and was attributed to illegal dumping and 

littering activities and subsequently transported into the river by water surface 

runoff. 

Additionally, Schirinzi et al 2020 studied two rivers the Llobregat and 

Besòs located in Catalonia, to analyse the riverine anthropogenic litter load. 

Results showed similar waste composition in both rivers, mostly represented by 

plastic material: 67.7% and 50.5% respectively. Plastic pollution in aquatic 

environments is one of the most fatal environmental issues in the world (Battulga 

et al., 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: The proportion of riverine litter (% by weight) 
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Table 3: Riverine litter composition (Mean ± standard deviation) 
Litter 

type 

N Minimum Maximum Mean Standard 

deviation 

Plastic 14 2.26 4.93 3.4564 0.67041 

CPT 14 0.52 1.13 0.8100 0.18322 

Rubber 14 0.00 0.59 0.2086 0.20501 

Glass 14 0.00 0.880 0.1964 0.30631 

Metal 14 0.00 0.86 0.3221 0.31445 

Napkin 14 0.00 1.00 0.1429 0.36314 

Bulky 

waste 

14 0.00 2.00 0.2500 0.64301 

Textile 14 0.00 0.65 0.0464 0.17372 

 

Daily Riverine Litter Generation by zones 

At the river shore, day 14 recorded the highest total weight collected at the river-

shore (2.69 kg) as indicated in Figure 3. This is due to the maximum wind speed 

and total rainfall during Day 14 which is higher compared to other days as earlier 

shown in Table 1. The lowest waste generated at the river shore was during Day 

2 as the total rainfall and wind speed on that day was moderate. Wind plays a 

vital role as a transportation agent to transport litter to the riverbanks compared 

to precipitation and water level. High wind speed will transport the litter from 

upper- bank to middle-bank and river-shore. Runoff from precipitation, has been 

proposed as a major factor in litter transport (Roebroek et al., 2021).  

At the middle-bank, the pattern of riverine litter generation was similar to that of 

the river shore on some operation days and differed on others as observed in 

Figure 2. Day 14 shows the highest amount of riverine litter at the middle-bank 

while Day 12 recorded the lowest amount of riverine litter. The variations in wind 

speed recorded on both days may have contributed to the trend. Eventually the 

litter from the upper-bank will be transported to the middle-bank. 

For the upper-bank, the riverine litter generated peaked on Day 9 while 

Day 1 recorded the lowest amount of riverine litter. Low wind speed and 

minimum total rainfall influence the movement of the litter at the riverbank as 

the litter tend to stay at the upper-bank. Also, human activities could have led to 

the higher riverine litter generation based on the high the number of vehicles 

parked at the upper-bank. Studies have reported that the major source of riverine 

litter is recreational activity near the riverbank (Gasperi et al., 2014) and high 

urban activities in that area (Carson et al., 2013). 
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Figure 3: Daily riverine litter collected during 14 days by zones. 

 

Total weight of riverine litter for each zone of riverbank 

The result in Figure 4 shows the total weight of riverine litter for each zone of 

riverbank. As indicated, the upper-bank generated 25.9 kg of litter which is the 

highest total weight of riverine litter collected during 14 days operation. On the 

other hand, the operation at the river shore contributes the lowest amount of 

riverine litter which is 21.4 kg. Also, Table 4 shows the weighted average amount 

and SD for total weight of riverine litter at the upper-bank was 1.5821 ± 0.4286 

(kg/operation day) while it was 1.5279 ± 0.5297 (kg/operation day) at the river 

shore. One-Way ANOVA test was conducted to identify whether there is 

significant difference between total weight of riverine litter at the river shore, 

middle bank and upper bank. Based on the results in Table 5, there is no 

significant difference between each zone as p = 0.214 is larger than 0.05. Even 

though there is high waste accumulated at the upper bank, the presence of wind 

speed and rainfall will redistribute the waste to the other part of riverbank. 

The upper-bank contributed the highest amount of riverine litter due to 

its location near the main road. Besides, as Kampung Pasir Era is a transportation 

centre for the people to go to the other side of the river, several parking lots are 

provided for the vehicles. Most of the people park their vehicle at the upper-bank 

of the river. The frequency of illegal trash along riversides is thought to be 

influenced by the land use and accessibility of the area, particularly to vehicles 

(Samah et al., 2015). The river shore has the lowest amount of riverine litter 

because it is located near the water. According to Rech et al (2015), river shore 

is located at the edge of water with maximum three meter away from water. It is 
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permanently in contact with the water. Therefore, the litter at the river shore will 

be carried away constantly into the river compared to upper bank which is located 

further away from the water body. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 4:  Total weight (kg) of riverine litter collected for each zone 

 

Table 4: Descriptive analysis for total weight of riverine litter for each zone 
Zones  N Minimum  Maximum  Mean Standard deviation 

River shore 14 0.44 2.69 1.5279 0.52970 

Middle bank 14 0.93 2.56 1.6829 0.47373 

Upper bank 14 1.24 2.73 1.5821 0.42865 

 

Table 5:  ANOVA for waste generation at different zones. 
Source of variation Sum of squares df Mean squares p-value 

Between groups 0.737 2 0.368 0.214* 

Within groups 8.954 39 0.230  

Total  9.690 41   

*Not significant 

 

Total Riverine Litter Collected per operation day at Kampung Pasir Era 

The result of the total weight of waste collected for all zones per operation day at 

the study area from August until October 2021 is shown in Figure 5. Overall, the 

combined weight throughout the 14 days operation was 70.912 kg. Specifically, 

the result shows that Day 14 contributed the highest amount of riverine litter 

collected during operation days at 7.51 kg/operation day due to the high 

heterogeneous nature of the waste. However, the operation during Day 2 

contributed the lowest amount of riverine litter at 3.37 kg/operation day due to 

the small amount of plastic waste collected on that day with 2.26 kg/day 

compared to other days. In addition, there was no glass and metal waste collected 

on Day 2, leading to small amount of riverine litter. In this situation, even though 
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there are a variety of possible causes of litter along rivers, such as boats, sewage, 

and rainwater runoff, illegal dumping appears to be a substantial source of litter 

along the rivers surveyed, as observed in Malik et al (2018). Alternatively, it may 

be caused by the poor solid waste management and the lack of awareness among 

the community.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Total weight(kg) of riverine litter during 14 days of operation day. 

 

Many people do not know about the implication of littering, especially at the 

riverside. The accumulation of floating litter, particularly plastic garbage, has 

been linked to a lack of recycling, waste management, and littering behavior on 

a global scale. 

 

Potential recyclables material from riverine litter composition 

The most potentially recyclable materials from riverine litter are plastic, 

cardboard, paper, tetrapek (CPT); glass, and metal. As found in this study, the 

composition of plastic is 68.20% (3.456 ± 0.6704), CPT; 15.9% (0.81 ± 0.1831), 

metal; 6.36% (0.3221 ± 0.31445) and glass; 3.88% (0.1964 ± 0.3063). Based on 

the observation during data collection, most of CPT were derived from the food 

packaging like pizza boxes and drink boxes meanwhile metals were mostly 

derived from aluminium cans. Aluminium can is one of the most sought-after 

materials with high potential to be recycled due to its high price. Table 6 shows 

the estimates of potential revenue that can be generated from the sale of riverine 

litter collected at the riverbank in Kampung Pasir Era for the purposes of 

recycling. The estimated revenue was calculated based on the current prices of 

litter obtained from Alam Flora Sdn Bhd. Going by the results, revenue generated 

for litter in 14 days was RM33.96. It implies that the average revenue per day 

will be RM2.43 and approximately RM75.33 in a month if the same quantity of 

litter is generated.  
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Therefore, based on the estimated revenue recorded, recycling activities 

should be encouraged by the local authority. The villagers can reduce their waste 

and earn money from these activities. Waste minimisation should be promoted as 

the landfills cannot support more waste in the future as the waste generation in 

Malaysia is increasing rapidly by the year.  

 
Table 6: Estimated revenue from litter collected at the riverbank 

Litter type 
Quantity 

(kg) 

Unit price/kg 

(RM) 

Value 

(RM) 

Plastic 48.93 0.40 19.57 

Glass 2.75 0.10 0.27 

CPT 11.34 0.45 5.10 

Aluminum 

can 
4.51 2.00 9.02 

Total   33.96 

 

CONCLUSION 
In conclusion, there is high abundance of riverine litter along Sungai Kelantan at 

Kampung Pasir Era with the total weight collected for 14 days is 70.912 kg 

(5.0651±1.1097 kg/operation day). Event 14 contributes the highest amount of 

riverine litter collection which is 7.51 kg/operation day. Upper-bank recorded the 

highest waste collected compared to other zones with the total weight 25.9 kg 

1.8521±0.4286 (kg/operation day). For the waste composition, plastic 

dominantly contribute to the riverine litter with 68.2%. The estimated revenue for 

high potential recyclable material is RM 33.96. Based on this study, the data on 

waste generation and composition can be used for the knowledge contribution 

regarding the solid waste management to solve the riverine litter issue in 

Malaysia. Other than that, the government should make a new policy about the 

service collection in the rural area as there are improper solid waste management 

in that particular area. Besides, awareness campaign for the villagers should be 

held so that they are more responsible of their actions and improve their attitude.  
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Abstract 

 

Value Engineering (VE) involves a multidisciplinary team approach in a highly 

systematic workshop aimed at achieving Value for Money (VfM) focused on 

improving the function of a project, product, or service, not merely reducing 

costs. In the construction industry, VE is applied during the design or pre-

construction phases of public, private, or Building Information Modelling (BIM)-

based projects where benefits can be maximised. VE can be implemented more 

effectively with BIM, especially in providing accurate and adequate information. 

It is important to understand how these two concepts are related and how they 

benefit projects. Nevertheless, there is a dearth of research that combines VE 

practice with BIM to evaluate viable alternatives or improve design. This paper 

investigated the need for VE in the LOD300 phase for construction projects in 

Malaysia. In this work, a quantitative methodology was used to incorporate 

findings from the literature into a questionnaire survey that was purposefully 

distributed to industry practitioners with knowledge of VE, BIM, or both. A 

sample of 186 was drawn from a total population of 353 professionals: Members 

of the Institute of Value Management Malaysia (IVMM), Public Works 

Department of Malaysia (PWD) VM and BIM, and myBIM Centre Malaysia. 

32% of responses were received, and the data collected were analysed using the 

Statistical Package for Social Sciences (SPSS).  Based on the results, a framework 

was developed to include VE at the LOD300 phase in BIM. This paper provides 

empirical evidence of the benefits of this approach and offers construction 

practitioners with an overview of how VE can be systematically applied to BIM.  

 

Keywords: Value Engineering; Building Information Modelling; detailed design 

stage; construction industry  



PLANNING MALAYSIA 

Journal of the Malaysia Institute of Planners (2023) 

 

 

 63  © 2023 by MIP 

INTRODUCTION 
Value Engineering (VE) is a creative, organised effort that assesses the 

requirements of a project with the goal of accomplishing the required functions 

at the lowest total cost (capital, staffing, energy, and maintenance) over the life 

of the project (Thomas, 2019). The success of the VE exercise is mainly 

influenced by the relationship of the multidisciplinary VE team, which is 

primarily determined by effective communication and strategic action of the team 

members. Male et al. (2007) found that the parts of the VE process, which include 

the study process, the commitment of team members involved in the project, the 

administration of the VE process, the commitment of executives, and efficient 

facilitation, influence the success of the VE exercise. Meanwhile, Building 

Information Modelling (BIM) is a recent innovation that is being considered to 

address issues such as low productivity in the architecture, engineering, and 

construction (AEC) industry (Abbasnejad et al., 2021). BIM offers significant 

advantages to the construction industry across the project's life cycle. Saraireh et 

al. (2020) pointed out that BIM technology generates a digitally created detailed 

virtual view of a building. This model can be used extensively in the planning, 

design, construction, and operation stages of facilities. Equally important, BIM 

has demonstrated its ability to boost efficiency and productivity throughout the 

design stage (Bentley, 2017; Haron et al., 2015; Migilinskas et al., 2013). VE 

implementation can be planned as part of the BIM preparation process to ensure 

smooth project execution. According to the previous research by Li et al. (2021), 

it is possible that approaches to integrate VE into BIM have the essential function 

of visualisation and clear information, and subsequently enhance both 

performances. 
 

Background 

SAVE International (2015) indicates that VE methodology is a systematic and 

structured method for enhancing projects, products, processes, services, and 

organisations. It helps to achieve the best possible balance between function, 

performance, quality, safety, and cost. The primary goal of the VE in construction 

is to eliminate superfluous expenses while enhancing the level of performance 

and quality in such a way that the owner's demands are met or satisfied. Although 

the VE method is gaining more and more attention from stakeholders (Baarimah, 

et al, 2021), the conventional VE method has several shortcomings or restrictions, 

such as an overemphasise on cost and not promoting nor improving creativity 

(Wao 2015). The application of VE alone is insufficient to prevent the desired 

goals from being realised (Li et al., 2021). Theoretically, there are a variety of 

software solutions available in the AEC industry to facilitate interdisciplinary 

collaboration work (Faraj et al., 2000; Rosenman et al., 2007), especially BIM, 

which has recently emerged and is being used in many countries, including 
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Malaysia (Latiffi et al., 2013). In a randomised controlled study of the behaviour 

of BIM, Li et al. (2014) reported that modern BIM tools have enabled a response 

system that tracks the impact of design changes associated with costs. Li et al. 

(2014) added that the visualisation of construction activity analysis aids cost 

planning operators in identifying conflicts and communicating design 

alternatives that may be more cost-effective and time-saving. 

VE and BIM share the same objectives in terms of effectiveness and 

cost reduction. Both include a life-cycle view of completed and operational 

assets. One way that BIM can help with VE is by allowing for faster analysis of 

alternative design options (RICS, 2017). As a result, it is incredibly beneficial for 

the integration of VE in BIM in the AEC industry to optimise and maximise its 

benefits. Although many researchers, such as Baarimah et al. (2021), 

Dcrnirdogen et al. (2021), and Wei and Chen (2020), had taken the initiative to 

understand and research the integration of VE in BIM, Li et al. (2021) discussed 

that there has been no study conducted on how VE is being applied in BIM to 

enhance the design or choose a suitable alternative. Despite several studies that 

have been carried out to state the usefulness and effectiveness of BIM and VE 

separately, the research on combining and integrating VE in BIM is lacking. In 

order to fill this gap, this paper investigated the potential integration of VE in 

BIM during the detailed design stage for the construction project in Malaysia. 
 

LITERATURE REVIEW 
Value Engineering 

As part of the value management (VM) process for projects, VE interventions are 

implemented in the design development stage and are considered a disciplined 

method for delivering required functionality and quality while preventing 

unnecessary costs (Kelly et al., 2014). In the design stage of project 

implementation, VE is often used to align or re-align technical solutions to meet 

business requirements and scope (JKR Malaysia, 2013). According to the 

Economic Planning Unit (EPU) (2011), VE must be applied at all levels of design 

development to ensure that the project achieves the specified functions and 

objectives. This method must be performed to find alternatives and the optimal 

method to implement a project to optimise value for money and increase the 

effectiveness of the project. 

 

VE in Malaysia 

In Malaysia, VE was introduced in 1986 (Che Mat, 2010; Jaapar, 2008; Jaapar & 

Torrance, 2007). It is evident that its application is increasing in Malaysia. 

Therefore, in order to aggressively promote the use of VE in the industry, it is 

crucial to first analyse the current stage of its application before developing a 

system of VE concepts to suit the existing local environment. The Economic 
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Planning Unit (EPU) of the Prime Minister's Department established a dedicated 

VM division to manage VM for government projects and programmes. To 

enhance the value of future public projects and programmes, the EPU released 

the "Value Management Guidelines Circular 3/2009," which made VE/VM 

mandatory for public projects worth RM50 million and above (Jaapar et al., 

2012). Subsequently, the EPU published its first implementation guideline for 

VM in government projects, which became the main reference for VM 

implementation in 2011. In addition, the Malaysian Public Works Department 

(PWD) published its own VE guidelines in 2013, which are consistent with the 

EPU implementation guide. Both EPU and PWD are working closely to 

strengthen the implementation of the value methodology for the government. 

Prior to mandatory implementation for public projects and 

programmes, VE/VM was implemented in various private projects. According to 

Abd-Karim (2016), Malaysia Airport Holdings Berhad (MAHB) published the 

first guideline for VM implementation in 2008. This guideline is the result of 

successful VM studies conducted for works, supplies, systems, and facilities 

valued at over RM300,000. Meanwhile, the establishment of the Institute of 

Value Management Malaysia (IVMM) in 2000 shaped the landscape and served 

as the foundation for the institutionalisation of value methodology in the country. 

IVMM published the National VM Guide in 2018 and the VM Competency 

Standard in 2021, which have strengthened the VE/VM implementation structure 

in Malaysia. 
 

VE implementation 

The VE process is conducted through a structured set of steps or phases called 

‘job plans’ that are followed systematically during the workshop. The VE job 

plan was initially developed by Miles in 1961 and continued to be investigated 

and developed as part of enhancing the implementation of VE (Abd-Karim et al., 

2011). According to JKR Malaysia (2013), a job plan comprises three stages: Pre-

Lab, Lab, and Post-Lab. The Pre-Lab Stage of any VE study is the planning phase 

in which the study context and objectives are set, project information is acquired 

and analysed, and the lab agenda and logistics are planned. At this stage, the 

project's readiness to undergo VE will be assessed, information will be collected 

and synthesised, and VE lab activities will be planned. The members will 

investigate value misalignments and devise methodologies, tools, and approaches 

for attaining VE study objectives. During the Lab Stage, the lab members will 

delve more into value discrepancies and possibilities for achieving or improving 

existing situations. The Lab members will jointly produce, assess, and develop 

options during the interaction before recommending the best solutions. The Lab 

stage typically lasts 3-5 days, depending on the design complexity and scope of 
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the VE study. To enable efficient and robust decision-making, the following Lab 

phases are carried out in this order: 

 

1) Information – To develop an understanding of the project and its details 

and verify the project's details. 

2) Function – To understand the project's functions and to identify 

mismatches and potential value improvements. 

3) Creative – To generate innovative and creative ideas as alternative ways 

to perform functions and enhance the project's value. 

4) Evaluation – To identify and shortlist potential value-improvement ideas 

from the generated ideas. 

5) Development – To develop ideas as workable options into the best or 

preferred solutions by further analysing their viability. 

6) Presentation – To present and gain approval from stakeholders to proceed 

with the VE implementations. 

 

Building Information Modelling (BIM) 
Construction projects are becoming increasingly complex and challenging to 

govern. Information and communication technology (ICT) has been developing 

at a rapid pace in response to the rising complexity of projects (Bryde et al., 

2013). One of the most promising recent innovations in the AEC industry is 

Building Information Modelling (BIM). BIM technology creates a digitalised 

exact virtual representation of a building. This model, referred to as a building 

information model, can be applied to facility planning, design, construction, and 

operation. It has evolved into a necessary technique, which includes the 

digitalisation of the built environment supply chain (Saraireh et al., 2020). 

According to what has been defined by Succar (2009), BIM is a digitised format 

for integrating building design and project data over the course of the life cycle 

of the building. It is possible to conclude that BIM is a technique for creating 

digital (3D) information models using the appropriate tools in order to facilitate 

communication and engagement among stakeholders. 

 

BIM in Malaysia 

Since 2009, the private sector has been primarily responsible for the advancement 

of BIM in Malaysia. In 2007, the Director of Malaysia's PWD proposed the idea 

of using BIM in Malaysia. As a result, the first government project to adopt the 

BIM methodology was unveiled in 2010 (Haron et al., 2017). The PWD has 

embraced BIM since then, with the target of implementing BIM on 50% of 

projects worth RM10 million and above, with an increase of 10% in the following 

year under the PWD Strategic Plan 2021-2025. Through BIM, stakeholders can 
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utilise the developed data not only in the planning and design phase, but also in 

the implementation phase during construction. 

BIM adoption necessitates the creation of dependable mechanisms for 

the transfer of information between different software tools. It also requires 

enabling efficient and direct coordination and monitoring procedures between 

project participants and team members. An acceptable level of interoperability 

and standardisation of work practices must be achieved for project participants 

and team members. The collective expertise of project participants enables us to 

define the decision-making process prior to the use of BIM in individual projects. 

It also allows us to make recommendations for the planning process in a small 

business environment with different software and work methods (Migilinskas et 

al., 2013). 

Generally, there are conflicting views on the benefits of BIM, leading 

to widespread misunderstanding of the projected outcomes. Farouk et al. (2023) 

conducted a study on trust challenges and strategies in BIM-based projects in 

Malaysia and found that organisations must create more trust and faith in the 

transition to BIM. The number and range of definitions demonstrate the current 

ambiguity in describing and quantifying BIM, as well as in analysing its potential 

benefits (Haron et al., 2017). Any definition of BIM should not be one-sided but 

should include the essential features assigned to it. There is a risk in providing a 

restrictive definition of BIM as it makes establishing a baseline for comparison 

more difficult (Izadi Moud & Abbasnejad, 2012). A restricted definition also 

makes benchmarking difficult, if not impossible, for improving BIM utilisation. 

 
BIM Level of Development (LOD) 

BIM is a technical creation that is used in the geometric modelling of a facility’s 

performance and the administration of construction projects (Farouk et al., 2023) 

BIM replaces 2-dimensional (2D) drawings with a 3-dimensional (3D) model as 

part of an architectural design. The 3D model for the construction project must 

be intertwined with contextually data-rich building subcomponents. Lévy (2011) 

stated that all data concerning contextual data-rich building elements were 

derived primarily from the level of development specification. The American 

Institute of Architects (AIA) established the Levels of Details (LoD) in 2008, 

when it initially introduced five ‘levels of development’ for defining the amount 

of detail about the BIM model. But later, to help the building trades adopt and 

implement them in a better way, the Levels of Development (LOD) were 

published in 2013 (United BIM, 2023). The LOD concept is established in BIM 

to allow construction stakeholders in the AEC industry to specify and express 

with a high level of content clarity while also ensuring the reliability of the 3D 

models at various stages.  
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According to Latiffi et al. (2015), there are five (5) levels of LOD, 

where each level represents a distinct set of content criteria, approved model use, 

and model purpose: LOD100 (Concept Design), LOD200 (Schematic Design), 

LOD300 (Detailed Design), LOD400 (Fabrication & Assembly), and LOD500 

(As-built). LOD300 is similar to construction documentation, where the model 

will contain accurate quantity, size, location, orientation, and detailing, 

fabrication, assembly, and installation information. Information contained in 

LOD300 models can be used during the construction phase of the project (United 

BIM, 2023). Moreover, there is also a specification for LOD350 that develops 

coordination between any disciplines, such as clash detection. LOD is used to 

address a variety of issues that arise during the design stage. BIM users can 

specify the use of the building models, and stakeholders can understand the 

usability and limitations of the models they receive (Latiffi et al., 2015). 

 

Design Changes in Construction Project 

In many construction projects, frequent design changes may negatively affect 

project performance, cost overruns, delays, and function failures. Mohamad et al. 

(2012) classified the key sources of design changes as clients, consultants, and 

contractors, who are the primary parties in building construction projects. 

However, despite the negative impact of design changes, little attention is given 

to proactively managing these effects, such as through VE and BIM 

implementation (Kelly & Male, 2003; Moayeri et al., 2017). Table 1 illustrates 

the typical causes of design changes in the construction industry.  
 

Table 1. The causes of design changes  

Factor Causes 

Client's related ● Change of requirement/specification 

● Addition/omission of scopes 

● Slow decision making 

● Unclear initial design brief 

Design 

consultants 

related 

● Erroneous/discrepancies in design 

● Have difficulties in capturing client's needs 

● Unstructured design process 

● Lack of design checking system 

● Outdated design due to new technology 

Contractor's 

related 
● Request to use available materials 

● Alternative construction methods (improving the buildability) 

● Lack of experience about new construction technologies 

● Use of alternative materials 

External related ● Changes in government regulations 

● Poor economic conditions 

● Differing site conditions 

● Unexpected changes in material availability 
(Mohamad et al., 2012; Yana et al., 2015; Yap & Skitmore, 2017) 
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The Integration of VE and BIM 

There are many negative effects associated with frequent design changes in 

construction projects, including poor performance, cost overruns, delays, and the 

inability to fully function. According to Love et al. (2002), project changes may 

occur as a result of both internal and external factors. On the other hand, 

Mohamad et al. (2012) classified the key sources of design changes as clients, 

consultants, and contractors, who are the primary parties in building construction 

projects. However, despite the negative impact of design changes, hardly any 

attention is given to proactively manage these effects, such as through VE and 

BIM implementation (Kelly & Male, 2003; Moayeri et al., 2017).  

VE implementation can be planned during the preparation of the BIM 

Project Execution Plan (BPEP) to enable seamless project execution. To execute 

the project, it can be used as a resource. According to JKR Malaysia (2021), 

BPEP embodies the process and methodology for delivering collaborative 

working practices for BIM projects. It comes in two forms: pre-contract and post-

contract. In pre-contract, information is provided for BIM modelling activities 

during the design phase, while in post-contract, it is coordinated and managed 

during construction and operation (JKR Malaysia, 2021). JKR Malaysia (2013) 

pointed out that two intervention points can be implemented throughout the 

design phase: VE on concept design and VE on detail design. The use of the BIM 

model, on the other hand, needs to be adapted to VE intervention in each selected 

phase, depending on the LOD of the model that has been developed by the 

designer. Combining VE into the BIM preparation process can be strategically 

scheduled to promote seamless project execution. As indicated in prior research 

conducted by Li et al. in 2021, it is conceivable that methods that integrate VE 

into BIM, focusing on providing clear visualisations and information, can lead to 

improved overall performance. 

 

Conceptual framework 

VE and BIM are combined during design changes at the detailed design stage at 

LOD300, where design changes frequently occur by using VE, according to the 

conceptual framework that was developed based on the literature reviews that 

were conducted. As such, this conceptual framework corresponds to JKR 

Malaysia (2021), indicating that interactions between the two methods can be 

more effectively implemented once VE and BIM are integrated during the 

detailed design phase (LOD300). The integrated approach helps stakeholders 

understand designs more clearly through 3D visualisation, increases the 

effectiveness of VE implementation, and provides more transparent and 

informative design input. Based on the above literature and case studies, there is 

a need to integrate VE into BIM implementation during the detailed design stage 

of construction projects. 
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Figure 1. Conceptual framework for VE in BIM combination 

 

METHODOLOGY 
Quantitative methodology was adopted to achieve the research's aim and 

objectives, with a review of the literature incorporated into a questionnaire survey 

that were distributed to targeted respondents. Online questionnaires are a 

reasonably rapid and effective method of gathering a large amount of information 

from a broad sample of practitioners, especially during this COVID-19 pandemic 

situation. The Statistical Package for Social Sciences (SPSS) was used to analyse 

the data. The scope of this paper was the integration of VE in BIM. Thus, the 

respondents contacted were industry experts in VE, BIM, or both. The overall 

population size for each criterion was based on the organisation's official website, 

which provides this information. The largest numbers came from members of the 

Institute of Value Management Malaysia or IVMM, with 248, followed by 

myBIM Resource Network of CIDB Malaysia (75), BIM Unit, PWD (18), and 

VM Unit, PWD (12). This gave a total population size of 353 industry experts. 

To accommodate the large number of respondents, the sampling size for this 

research was defined using a table developed by Krejcie and Morgan (1970). 

Therefore, based on the above total population size of 353 (N=353), the required 

sample size was determined to be 186 (S=186). This paper also sought 

reassurance and consent from the expert to corroborate the findings at the end of 

the research. 
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ANALYSIS AND FINDINGS 
From the survey, a total of 32% of responses were received. This rate of responses 

was higher than the average response rate of 5% to 15% of the questionnaire 

survey performed in the Malaysian construction industry, according to previous 

research by Idrus et al. (2018). Figure 2 shows that most respondents were 

members of IVMM (53.4%), followed by respondents in the myBIM Resource 

Network List (29.3%). Meanwhile, respondents from the BIM Unit and VM Unit 

of PWD Malaysia had a proportion of 12.1% and 5.2%, respectively. 

 

 
 

Figure 2. Distribution of respondents’ categories 

 

Meanwhile, Figure 3 indicates that industry practitioners agreed that 

VE can improve project development to achieve the best value for money, giving 

earlier consideration to design, buildability, and maintainability. Additionally, 

they disagreed that the implementation costs for VE are very high. It was also 

found that VE application maturity in Malaysia is at the Managed Level, which 

signifies that the organisation has implemented effective strategies and processes 

in accordance with its medium- and long-term goals. The findings of the research 

also highlighted that the application of BIM improves visualisation for 

construction projects, increases coordination of construction documents, and 

enhances productivity due to easy retrieval of information. Moreover, the BIM 

application maturity level in Malaysia was found to be at Level 2 (Collaboration), 

which indicates that the industry is currently developing building information in 

a collaborative 3D environment with data attached but in separate discipline 

models. Such findings are updated information, of which Sinoh et al. (2020) 

indicated that there was a transition from Level 1 to Level 2. 
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myBIM Resource Network
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Figure 3. VE/VM application in Malaysia 

 

Many organisations do not have a systematic or structured process for 

accommodating design changes and only conduct review exercises. Based on the 

analysis, most industry practitioners agreed that the Malaysian construction 

industry is ready to adopt the approach of incorporating VE into BIM. The 

industry practitioners also highlighted the justification and reasons for its 

readiness to integrate, stating that the construction industry has embraced both 

methods and integration can give value for money while also complying with 

government policies. Additionally, they believed that the results from the 

integration of VE in BIM have the potential to provide positive outcomes and 

impacts to stakeholders. Furthermore, according to industry practitioners, 

integrated approaches can benefit and complement each other, while creating 

opportunities for everyone to improve the standard of work in the construction 

industry. 

 
Table 2. The Malaysian construction industry's readiness to integrate VE in BIM 

 

Respondents’ knowledge and 

understanding Total 

VE/VM BIM Both 

Readiness for 

integrating VE 

into BIM 

Yes Count 13 2 25 40 

%  68.4% 66.7% 69.4% 69.0% 

No Count 6 1 11 18 

%  31.6% 33.3% 30.6% 31.0% 

 

As the majority of industry practitioners, with almost 70% of 

respondents (Table 2), believe that the Malaysian construction industry is ready 
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to integrate VE into BIM, the essential elements in developing the integration 

framework are found to be as follows: 

 
Table 3. Essential elements to develop VE in BIM integration framework 

Essential Elements Industry's Input 

Value approach that best 

apply 

Reducing the cost and at the same time increasing 

the function and quality (known as 'Compound 

Approach') 

Most efficient parties to be 

involved 

Client, Design Consultant, Quantity Surveyor, Civil 

Engineer, Structural Engineer, Mechanical 

Engineer & Electrical Engineer 

Key project documents Cost estimation, design drawing and specifications 

Optimal duration More than 5 days (> 5 days) 

VE method to be adopted 5 days VE Lab/Workshop 

Issues arise in BIM 

implementation that VE can 

manage 

High project cost and deficiency in construction 

quality 

Potential outcome from the 

integration 

Cost optimisation, achieve value for money and 

improve the performance in BIM process 

 

CONCLUSION 
Using the suggested approach, this paper provides benefits and guidance for 

construction practitioners interested in making design changes. This approach 

may improve efficiency, cost optimisation, or the performance of the BIM 

process. This paper also provides an overall perspective on how VE can be 

implemented with BIM during the detailed design stage of a construction project, 

as depicted in Figure 4. Through the output of the discussion, practitioners can 

assess the level of application and maturity of VE and BIM in Malaysia. 

Furthermore, practitioners may define the critical factors driving design changes, 

as well as approaches to overcome them through the application of a structured 

process, which is the best option. It is possible to increase industry awareness of 

the practicability of the integration approach by evaluating the integration of VE 

into BIM during the detailed stages of a construction project. Furthermore, the 

VE framework in BIM during the detailed design stage is developed based on the 

opinions and perceptions of industry practitioners. As a result, practitioners can 

proactively implement this systematic process to accommodate design changes. 
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Figure 4. The integration of VE in BIM framework
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Abstract 

 

Urbanisation brought about by advances in human civilisation affects the daily 

life of the people. The rising trend in the percentage of dual-earner households 

had created many problems for families living in cities. This has resulted in 

challenges of work-life balance, caregiving demands in raising children and 

dependents as well as running a household, and physical and social environment 

issues in the urban neighbourhood. The cities should be designed to accommodate 

the needs of families in terms of public facilities and social capital within the 

neighbourhood and the nearby surrounding urban areas. Hence, this study aimed 

to assess the relationship between physical and social environment factors within 

the local community in the study area through 248 questionnaire survey 

distributed to the head of household as a target group of this study via systematic 

and stratified sampling. The modelling analysis revealed that, social environment 

factor is the main factor that most positively influences the level of family-

friendly neighbourhood than the physical environment factor in terms of trusted, 

willing to help, feel connected, get along with one another, give support, close-

knit neighbourhood and share same value among families and communities in the 

study area. Thus, the needs of urban families and communities towards social 

capital should be taken into consideration in the study area, specifically. 

 

Keywords: Family-friendly Neighbourhood; Physical Environment (Public 

Facilities); Social Environment (Social Capital)
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INTRODUCTION  
Urbanisation is a process of change and application of urban characteristics to an 

area and this process will involve inward migration of rural population, changes 

in activities, economy, development of urban areas, increased provision of public 

facilities, social change, values and nature of traditional society to modern society 

as well as land-use change as a whole (National Physical Plan-3, 2016). These 

factors have encouraged families to live in the city nowadays. The target of 46.1 

million population by 2040 has led to several challenges and issues of 

urbanisation in Malaysia, especially for families with children and dependents 

living in cities. The rapid urbanisation has led to an increase in the cost of living 

and high living standards in cities cause challenges for families to manage their 

children and dependents – there is a lack of social facilities and affordable 

community services in the cities, work-life balance, caregiving demands and 

physical and social environment issues in the urban neighbourhood. In addition, 

the era of a covid-19 pandemic that has hit around the world since 2019, including 

Malaysia has caused the families in the city to be increasingly impacted.  

In 2021, the Fourth National Physical Plan (National Physical Plan-4, 

2021) has been establishing a distinct national physical planning pattern. This 

involves creating targeted strategies and implementing actions related to various 

aspects, such as land use development, economic growth, resource conservation 

and management, enhancement and integration of the national transportation 

network and infrastructure, and overall improvement of the country's quality of 

life and well-being. Hence, cities should be designed to accommodate the needs 

of families in terms of public facilities and social capital within the 

neighbourhood and the nearby surrounding urban areas. The availability and 

accessibility of this physical and social environment in urban neighbourhoods 

have to some degree affected the well-being of families. Therefore, in line with 

the needs of urban families’ issues and scenarios, this research focuses on 

assessing the relationship between physical environment (public facilities) and 

social environment (social capital) factors within the local community in the 

study area as the main aim of this study. 

 

FAMILY-FRIENDLY NEIGHBOURHOOD 
The family-friendly neighbourhood is not a new concept. Israel, E. and Warner, 

M. E. (2008) in a 2008 national survey conducted by the American Planning 

Association (APA) revealed that a “family-friendly community is a community 

where families enjoy housing at an affordable price, child care, park to play in, 

pedestrian pathways, quality of public schools and safe neighbourhood, among 

many other potential features that promote family well-being”. Rukus, J. and 

Warner, M. E. (2013) found that family-friendly initiatives typically consist of 
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better urban design to promote walkability, improved parks and recreation 

services, housing options that accommodate the entire spectrum of income levels 

and increased access to quality child care and youth services. The combination of 

planning, design and community participation forms the nexus of a child-friendly, 

family-friendly and age-friendly city. 

In 2008, the American Planning Association (APA) published a 

Planning Advisory Service Memo on Planners’ role in creating Family-friendly 

Communities which focuses on the importance of families to communities and 

the role planners can play in designing communities that better meet families’ 

needs by questioning “shouldn’t we as planners, also be concerned with planning 

communities for people from childhood to old age?”. Based on the survey of 

practising planners across the United States found that “… planners have 

important tools at their disposal to promote more family-friendly cities. They can 

remove zoning barriers to accessory apartments or child care, design 

transportation systems to address family needs, use state and federal funds for 

child care, promote affordable housing, provide safe and attractive parks…” 

(Israel, E. and Warner, M., 2008: 14). This indicates that planners play an 

important role in determining the formation of a family-friendly neighbourhood 

by taking into account on town planning point of view. In essence, town planning 

is an art and science of shaping the built environment we live in with the objective 

of creating a comfortable, safe, convenient and healthy environment (Karim, A. 

H., 2008).  

In the Malaysian perspective, there are a number of studies related to 

the concept of family-friendly neighbourhood. A study on family well-being in 

Malaysia by Noor, N. M. et al. (2012) identified ten key indicators that can predict 

family well-being and another study by Hashim, S. F. et al. (2020) which 

reviewed family-friendly neighbourhoods in the Malaysian perspective revealed 

that there are four main themes which are family-friendly community, and/or 

environment, social capital, urban neighbourhood and quality of life. Thus, based 

on the literature review, the physical (public facilities) and social (social capital) 

environments to be examined in this study were defined. On this basis, the 

following hypotheses, which are clearly illustrated in Figure 1, were set out to 

further research purposes: 
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Figure 1: Hypotheses of the Model’s Study 

 

RESEARCH METHODOLOGY 
The aim of this study is to assess the relationship between physical environment 

(public facilities) and social environment (social capital) factors within the local 

community in the study area. The target of this study is the heads of the family 

(head of household) residing in SS4, Petaling Jaya, Selangor. The study utilised 

probability sampling methods, specifically systematic sampling and stratified 

sampling. A questionnaire survey was used as a research approach of this study. 

For the adequacy of the sample size of this study, the Raosoft Sample Size 

Calculator was used to confirm the suitability of the samples: 319 sample size 

based on 1874 total number of houses (as a population size), 95% confidence 

level and 5% margin error. The sample of 319 participants was divided into two 

strata based on the housing types, namely detached or bungalow houses, and 

semi-detached and terrace houses. However, due to the unwillingness of the head 

of household to participate in this questionnaire survey, the total number of 

questionnaire survey responses from the residents was 248 out of 319 sample 

size. Figure 2 shows the site plan and existing surrounding area. 

H1 

H2 

Satisfaction 
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Figure 2: Site Plan and Existing surrounding area 

 

The analysis of the reliability and validity of the model measure was 

carried out through partial least squares-structural equation modelling (PLS-

SEM) analysis by using SmartPLS software application. In evaluating the PLS-

SEM models, the reliability (the measurement instruments are free of random 

errors) and validity (the dimensions have the capacity to show real differences 

between the object as related to the characteristic being measured) (Abu, F. et al., 

2021) have been examined in this study. Besides, the PLS-SEM analysis was 

executed to test: firstly, the measurement model (was tested to validate the 

instruments) and secondly, the structural model (was examined to test the 

hypothesis). Figure 3 show the two stages of PLS-SEM and assessments. 
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Figure 3: Two stages of PLS-SEM and assessments (adopted: Hassan, M. A., 2020)  

 

This study focused on the second-order construct that includes 

formative relationships (reflective-formative, Type II) (Abu, F. et al., 2021). The 

conceptual model has two first-order constructs: Physical environment (Public 

Facilities) [PE] and Social environment (Social Capital) [SE] and one second-

order construct: Family-friendly Neighbourhood (Residents’ Satisfaction Level) 

[FFN]. A repeated indicator approach was used to estimate the construct scores 

of a second-order construct because the observed indicators do not exist. Table 1 

and Figure 4 shows the item loadings and conceptual model with items of every 

latent constructs.  
Table 1: The Item Loadings 

Model Construct Measurement Item Item Represent 

Physical Environment 

(Public Facilities and Amenities) 

PE 1 Fully utilised  

PE 2 Sufficient 

PE 3 Good condition/Quality 

PE 4 Accessible 

PE 5 Provided the design for people with 

disability (PWD)/user-

friendly/child-friendly 

PE 6 Maintenance 

Social Environment 

(Social Capital) 

SE 1 Trusted 

SE 2 Willing to help 

SE 3 Feel connected 

SE 4 Get along with one another 

SE 5 Help out as volunteer 

SE 6 Give support 

SE 7 Close-knit neighbourhood 

SE 8 Share same value e.g. knowledge, 

communication, productivity and 

sustainability 

SE 9 Crime rate 

Note: PE (Physical Environment: Public Facilities); and SE (Social Environment: Social Capital) 

 

 PLS-SEM 

Structural 

Model 
Measurement 

Model 

1. Structural Model 

Specification 

2. Estimations of Path 

Coefficients 

3. Assessment of Effective 

Size (f2) 

4. Assessment of Goodness-

of-Fit (GoF) 

5. Assessment of Predictive 

Relevance (Q2 and q2) 

6. Hypothesis Testing 

Discriminant Validity 

Convergent Validity 
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Figure 4: Conceptual Model with Items of every Latent Constructs 

 

The methods of reporting PLS-SEM were described in two-tiers. The 

first-tier is by reporting the assessing the second-order construct in PLS-SEM and 

the second-tier entails reporting the rules of thumb in evaluating the PLS-SEM 

models. There are two independent (Physical Environment (Public Facilities and 

Amenities) [PE] and Social Environment (Social Capital) [SE] and one dependent 

Family-friendly Neighbourhood (Resident’s' Satisfaction Level) [FFN] variables 

that have been measured in this study.  
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FINDINGS AND DISCUSSION 
How does public facilities and social capital positively influence the level of 

family-friendliness in the study area? The PLS-SEM model assessment has been 

used to verified the hypotheses of this study. 

 

• H1: Physical Environment (Public Facilities) [PE] has significantly 

positive influence on Family-friendly Neighbourhood [FFN] 

• H2: Social Environment (Social Capital) [SC] has significantly positive 

influence on Family-friendly Neighbourhood [FFN] 

 

Assessment of the Measurement Model 

The proposed models had an uneven number of indicators for the first-order 

constructs and used the formative construct repeated indicator approach with a 

path weighting scheme on the second-order constructs. The analysis began with 

an assessment of the measurement models. Following the recommendations of 

Amin, M. et al. (2016), the CV was assessed using factor loadings, average 

variance extracted (AVE) and composite reliability (CR). The recommended 

values for loadings were set at > 0.5, CR at > 0.7, and AVE at > 0.5. Figure 3 

shows the measurement model results. 

Specifically, the factor loadings were assessed first. The results showed 

that all of the reflectively measured constructs were above the threshold of 0.5. 

Each item’s loading on its underlying construct was above the recommended 

values of 0.5 (Amin, M. et al., 2016; Jayasingam, S. et al., 2018) and 0.6 (Kashif, 

M. et al., 2018; Rezaei, G. et al., 2016). Lower loading items i.e. PE 6 (0.378): 

maintenance, SE 5 (0.422): help out as volunteer and SE 9 (0.573): crime rate – 

were dropped to obtain better reliability and discriminant validity. 

Next, the CR was examined. The CR varied between 0 and 1. According 

to Hair, J. F. et al. (2019) and Gholami, H. et al. (2016), CR values of above 0.7 

were still considered satisfactory and none of the CR values were above 0.9 which 

is an undesirable value. All the CRs had values above 0.8 (Gholami, H. et al., 

2016; Vinzi, E. et al., 2010; Scholtz, B. et al., 2016). The internal consistency 

reliability (after bootstrap) for all the constructs’ reliability was considerably 

higher (lower) than the suggested minimum (maximum) thresholds (p-values < 

0.01).  



Siti Fatimah Hashim, Na’asah Nasrudin, Raja Norashekin Raja Othman, Yusfida Ayu Abdullah, Mohd Zahid 

Mohd Salleh.  

Key Factors Influencing the Family-Friendly Neighbourhood Through PLS-SEM Model Assessment. Case 

Study: SS4, Petaling Jaya, Selangor, Malaysia 

 

© 2023 by MIP 86 

 

 

 

 

 

 

 

 

 
 

Figure 5: Measurement Model Results 

 

Then, all the AVE assessed were higher than the critical value of 0.5 

(Xue, Y. et al., 2011; Rezaei, G. et al., 2016; Scholtz, B. et al., 2016). This 

indicates that the main constructs capture more construct-related variance than 

error variance (Xue, Y. et al., 2011). As presented in Table 2, the measurement 

model’s results surpassed the proposed values hence suggesting adequate 

convergence validity. 
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Table 2: The Measurement Model of First-Order Constructs (Reflective) 
Model Construct Measurement 

Item 

Loadings AVE CR 

Physical 

Environment 

(Public Facilities) 

PE 1 0.787 0.588 0.844 

PE 2 0.860 

PE 3 0.824 

PE 4 0.787 

PE 5 0.533 

Social Environment 

(Social Capital) 

SE 1 0.769 0.508 0.851 

SE 2 0.751 

SE 3 0.829 

SE 4 0.561 

SE 6 0.589 

SE 7 0.786 

SE 8 0.657 

Note: PE (Physical Environment: Public Facilities); and SE (Social Environment: Social 

Capital), Adapted from Abu, F. et al. (2021) 

 

Finally, after confirming the CV, the DV was assessed using the HTMT 

method. The DV assessment shows that all the HTMT values were significantly 

lower than 0.9 (Table 3). The constructs were distinct from each other because 

they were below the suggested cut-off of 0.90 (Xue, Y. et al., 2011; Tehseen, S 

et al., 2017). Bootstrapping determines the significant difference of the HTMT 

value from 1.00 (Henseler, J. et al., 2015). All the HTMT values were 

significantly lower than the threshold value and different from 1.00. 

 
Table 3: Heterotrait-Monotrait Ratio (HTMT) of First-order Construct (FOC) 

 1 2 

1. PE 0.767  

2. SE 0.386 0.712 

Note: PE (Physical Environment: Public Facilities); and SE (Social Environment: Social 

Capital), Adapted from Salleh, M. Z. M. (2022) 

 

Based on Figure 4, the Family-friendly Neighbourhood (Resident’s' 

Satisfaction Level) [FFN] was conceptualized as formative second-order 

constructs. The repeated indicator approach for modeling the second-order 

factors in the PLS analysis (Amin, M. et al., 2016; Abu, F. et al., 2021) did not 

report on the predictive relevance, Q2 or effect sizes, f2. The formative 

measurements were confirmed by the VIF and path weight (Table 4). Firstly, all 

the predictor constructs’ VIF values were assessed to ensure that there is no 

collinearity issue between the constructs’ formative indicators (Tehseen, S et al., 

2017). As all of the VIF values were below the more conservative threshold of 

3.3 (Duarte, P. and Amaro, S., 2018; Scholtz, B. et al., 2016), the results presented 

ideal VIF values (VIF < 3) indicating no multi-collinearity problems. 
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Table 4: The Measurement Model of Second-level Constructs (Formative) 
Constructs Collinearity 

(Inner VIF) 

Statistical Sig. 

of Weights 

p-Value Confidence Intervals 

2.5% 97.5% 

PE 1.175 0.518 0.000 0.487 0.553 

SE 1.175 0.679 0.000 0.644 0.713 

Note: PE (Physical Environment: Public Facilities); and SE (Social Environment: Social 

Capital), Adapted from Abu, F. et al. (2021) 

 

Next, the indicators’ weights were assessed by bootstrapping to verify 

their significance. Each indicator’s weight significance indicates the relative 

significance whilst the loading indicates the total significance which is 

measurable using bootstrapping (Tehseen, S. et al., 2017). All the statistical 

significances of weights were higher than 0.1 (Tehseen, S et al., 2018), the p-

value was below 0.01 and the 97.5% confidence interval (based on the BCa 

method) did not include zero (Hair, J. F. et al., 2019).  

 

 
 

Figure 6: Bootstrapping Results (Note: Hypothesis testing of bootstrapping procedure 

using 5000 resamples; inner model shows path coefficients and t-values; outer model 

shows t-values and construct shows R-square value) 

Satisfaction 
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Assessment of the Structural Model 

The R2 was calculated to evaluate the structural models’ predictive power (Amin, 

M. et al., 2016; Gholami, H. et al., 2016), as presented in Figure 4. By using the 

repeated indicator approach, all the variances of the higher order construct R2 

were equal to 1 (Becker, J. M., et al., 2012) for the Family-friendly 

Neighbourhood (FFN) constructs. This is because the R2 indicated the amount of 

variance explained by the exogenous variables (Amin, M. et al., 2016). 

Next, the path analysis was carried out to test the hypotheses generated. 

The results of the bootstrapping procedure with 5000 samples and using the no 

sign changes option (Shmueli, G. et al., 2019) revealed that all of the structural 

model relationships were significant. Table 5 shows the structural model analysis. 

Specifically, strong and significant statistical evidence was acquired for 

hypothesis H1 (PE -> FFN, β = 0.518, p < 0.000) and H2 (SE -> FFN, β = 0.679, 

p < 0.000) in this study. Thus, the findings indicated that the Physical 

Environment (Public Facilities) and Social Environment (Social Capital) have a 

positive influence on the Family-friendly Neighbourhood (Residents' Satisfaction 

Level) constructs. 

 
Table 5: Direct Relationships for Hypothesis Testing 

Hypothesis Path Co-

Efficient 

(β) 

Standard 

Deviation 

t-

Value 

p-

Value 

Bias Confidence 

Intervals (BCI) 

Results 

2.5% 97.5% 

H1: PE -> 

FFN 

0.518 0.016 31.49

4 

0.000 0.490 0.557 Supported 

H2: SE -> 

FFN 

0.679 0.018 38.70

8 

0.000 0.647 0.716 Supported 

Note: PE (Physical Environment: Public Facilities); SE (Social Environment: Social Capital); 

and Family-friendly Neighbourhood (Resident’s' Satisfaction Level) [FFN] Adapted from 

Abu, F. et al. (2021) 

 

Next, the Q2 value was examined because this measure is an indicator 

of the model’s predictive relevance (Amin, M. et al., 2016). Amin, M. et al. 

(2016) by referring to Hair, J. F. et al. (2014) indicated that “PLS-SEM exhibits 

predictive relevance; it can accurately predict the data points of indicators in 

reflective measurement models of endogenous construct and endogenous single-

item constructs”. The predictive relevance or Q2 analysis was conducted via 

blindfolding with a distance value of 6 (Samuel, R. and Ramayah, T., 2016). A 

Q2 value greater than 0 indicates adequate predictive relevance for the model 

(Amin, M. et al., 2016). The Q2 for Family-friendly Neighbourhood (FFN) was 

1.000. The values represented a predictive relevance for the endogenous construct 

or predictive accuracy of the PLS path model. However, the indicators for the 
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endogenous constructs (Family-friendly Neighbourhood) are repeated indicators. 

The root means squared error (RMSE) value for the linear regression model is 0, 

indicating that the model lacks predictive power (as PLS-SEM < linear regression 

model for none of the indicators) (Shmueli, G. et al., 2019). Thus, it was not 

appropriate to compare each of the indicator’s RMSE value with the linear 

regression model value and to report the PLS to predict. 

 

Summary on PLS-SEM result for the Family-friendly Neighbourhood 

The result of PLS-SEM for Family-friendly Neighbourhood is primarily to show 

the strength of the study through the relationship between independent (Physical 

Environment: Public Facilities and Social Environment: Social Capital) and 

dependent (Family-friendly Neighbourhood: Resident’s' Satisfaction Level) 

variables of this study. Table 6 shows the summary of measurement and structural 

model. 

 
Table 6: The Summary of Measurement and Structural Model 

No. Testing Description PLS-SEM Result 

Reflective Measurement Model 

Convergent Validity (CV) 

1. Reflective 

indicator loading 

Values for loadings are set at 

> 0.5 

All constructs had agreeable 

values > 0.5 except for 3 

constructs had a lower loadings 

item i.e. PE 6 (0.378), SE 5 

(0.422) and SE 9 (0.573) were 

dropped to obtain better 

reliability and discriminant 

validity 

2. Composite 

Reliability (CR) 

Recommended CR values 

within 0.70 – 0.90 are 

satisfactory 

All constructs are > 0.8 

3. Average Variance 

Extracted (AVE) 

AVE for each construct 

should be > 0.5 

All constructs are > 0.5 

Discriminant Validity (DV) 

4. Heterotrait-

monotrait ratio of 

correlations 

(HTMT) 

a. For conceptually similar 

constructs: HTMT < 0.90 

b. For conceptually 

different constructs: 

HTMT < 0.85 

All the HTMT values were 

significantly lower than the 

threshold value and different 

from 1.00 

Formative Measurement Model 

5. Variation Inflation 

Factor (VIF) 

a. Probable (i.e., critical) 

collinearity issues when 

VIF > 5 

b. Possible collinearity 

issues when VIF > 3-5 

c. Ideally show that VIF < 3 

As all of the VIF values were 

below the more conservative 

threshold of 3.3 (Duarte, P. and 

Amaro, S., 2018; Scholtz, B. et 

al., 2016), the results presented 

ideal VIF values (VIF < 3) 
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indicating no multi-collinearity 

problems 

6. Statistical 

Significance of 

Weights 

p-value < 0.05 or the 95% 

confidence interval (based on 

the percentile method or in 

case of a skewed bootstrap 

distribution, the BCa method) 

does not include zero 

p-value < 0.000 

Structural Model 

7. Coefficients of 

Determination 

(R2) 

R2 result is equal to 1 for 

repeated indicator approach  

All the variances of the higher 

order construct R2 were equal to 

1 

8. Q2 Value a. Blindfolding-based cross 

validated redundancy 

measure (Q2) 

b. Values higher than zero 

denote meaningful 

c. Values larger than 0, 0.25 

and 0.50 indicate small, 

medium and large 

predictive accuracy of the 

PLS path model 

FFN = 1.000 (large predictive 

accuracy of the PLS path model 

but the indicators for the 

endogenous constructs (Family-

friendly Neighbourhood) are 

repeated indicators.  

9. PLS Predict Q2 predict values > 0 indicate 

that the model outperforms 

the most naïve benchmark 

(i.e., the indicator means from 

the analysis sample) 

The linear regression model is 

0, indicating that the model 

lacks predictive power (as PLS-

SEM < linear regression model 

for none of the indicators). 

Thus, it was not appropriate to 

compare each of the indicator’s 

RMSE value with the linear 

regression model value and to 

report the PLS to predict 

10. Size and 

Significance of 

Path Coefficients 

 All of the structural model 

relationships were significant  

 

H1 (PE -> FFN, β = 0.518, p < 

0.000)  

H2 (SE -> FFN, β = 0.679, p < 

0.000) 

 

The findings indicated that the 

Physical Environment (Public 

Facilities) and Social 

Environment (Social Capital) 

have a positive influence on the 

Family-friendly 

Neighbourhood (Residents' 

Satisfaction Level) constructs 
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Note: PE (Physical Environment: Public Facilities); SE (Social Environment: Social Capital); 

and Family-friendly Neighbourhood (Resident’s' Satisfaction Level) [FFN], Adapted from 

Abu, F. et al. (2021) 

 

The result of the measurement model shows that the elements of the 

factors is measurable as each result agreed in convergent and discriminant 

validity. As a result, the relationship between two factors and family-friendly 

neighbourhood of the study are reliable, valid, significant and supported. 

 

• H1: Physical Environment (Public Facilities) [PE] has significantly 

positive influence on Family-friendly Neighbourhood [FFN] (reliable, 

valid, significant and supported) 

• H2: Social Environment (Social Capital) [SE] has significantly positive 

influence on Family-friendly Neighbourhood [FFN] (reliable, valid, 

significant and supported) 

 

The findings show that physical environment (public facilities) and 

social environment (social capital) factors were initially influencing the 

neighbourhood to be more family-friendly in terms of fully utilised public 

facilities, sufficient, good condition/quality, accessible, provided the design for 

people with disability (PWD)/user-friendly/child-friendly, trusted, willing to 

help, feel connected, get along with one another, give support, close-knit 

neighbourhood and share same value among families and communities.  

However, based on the highest value of path coefficient (Table 5), the 

social environment (social capital) factor is the main factor that most positively 

influences the level of family-friendly neighbourhood in the study area than the 

physical environment (public facilities) factor. This indicates that the higher the 

level of social capital in the urban neighbourhood, the higher the level of family-

friendliness in the study area. Hence, recognizing the importance of social capital 

in meeting the needs of urban families can help guide policymakers and local 

authorities to implement strategies that strengthen community bonds, encourage 

social interaction, and foster a sense of belonging. By cultivating social capital, 

they can create a more supportive and family-friendly environment, improving 

the overall well-being and happiness of urban families in the study area.  

Besides, the needs of public facilities should also be provided due to 

these two factors are needed for the family-friendly neighbourhood. A family-

friendly neighbourhood is a neighbourhood where families enjoy housing at an 

affordable price, good child care services, parks to play in, well-connected 

pedestrian pathways, quality public schools and a safe neighbourhood (Karsten, 

L., 2003; Israel, E. and Warner, M. E., 2008).  
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Therefore, towards achieving the aim of this study: assessing the 

relationship between physical environment (public facilities) and social 

environment (social capital) factors within the local community in the study area, 

the results from the PLS-SEM have prompted the physical environment (public 

facilities) and social environment (social capital) as the key factors influencing 

the Family-friendly Neighbourhood in the study area.  

 

CONCLUSION  
Families in urban areas require an adequate facilities, services and social 

interaction within their neighbours. The availability of a support system within 

easy reach of families is essential in their daily routine of families, without having 

to seek services far away. Facilities within the community offer significant 

support for families and “the physical place where people live is a significant 

dimension of community that often creates the foundation for other kinds of 

support and connections” (Bookman, A., 2004). It is built on the premise that 

policies, which make communities more family-focused, not only benefit 

families but also the city as a whole (Rukus, J. and Warner, M. E., 2013). In the 

context of Malaysia, there is currently no specific policy or framework that 

focuses on creating family-friendly neighbourhoods. Furthermore, the 

availability of literature on family-friendly neighbourhoods is limited. Recent 

research has tended to concentrate on the development of child-friendly cities 

rather than family-friendly cities. As a result, this study's review of family-

friendly neighbourhood literature was restricted to publications from 2000 to 

2014, which encompassed a total of 21 articles. Another challenge faced during 

the research was obtaining feedback from respondents during the residents' 

survey. Household willingness to participate and unoccupied units during data 

collection posed constraints, resulting in 248 household samples being collected 

for the study. The focus of this study is on the heads of families living in the study 

area. The analysis report, derived from a survey of residents using a 

questionnaire, reveals that the study area can be categorized into three groups: 

B40, M40, and T20. Since the target group encompasses all heads of families, 

there is no singular specific target group identified. Therefore, this study suggests 

a specific focus on respondents in each of the related groups, especially for the 

B40 group. 
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Abstract 

The municipal solid waste collection system and services of existing Kabul City 

are not acceptable socially, economically, and environmentally. This study was 

carried out in 2020–2021 for the Phase-1 area of Kabul New City (KNC). The 

study aims to analyze different MSWCSS for the KNC area and choose the best 

option during the planning stage. The average incremental cost for different 

collection systems was determined, and the results show that the total annualized 

cost (AN) of the proposed waste collection system (PWCS) is 855.3699 

AFN/tonne, while the total operation and maintenance cost (OP) is 577.1235 

AFN/tonne. The AN and OP of the stand-alone underground waste collection 

system (SAUWCS), tailored collection point system, traditional (prevailed) 

system, and alley waste collection system (AWCS) are 911.3032 AFN/tonne and 

499.9017AFN/tonne, 1,681.762 AFN/tonne and 1,267.28 AFN/tonne, 308.9254 

AFN/tonne and 186.3363 AFN/tonne, and 716.7706 AFN/tonne and 410.5375 

AFN/tonne, respectively. The social and environmental analysis for the PWCS, 

SAUWCS, existing system, and AWCS obtained scores of 19, 29, -6, 17, and -5, 

respectively. From the cost-benefit analysis, it has been proposed that for the 

PWCS of low-rise residential areas, three wheelie bins of different colors will be 

provided to each housing unit. The total costs per tonne of solid waste for the 

PWCS, SAUWCS, TCPS, and traditional system are 2,832.1952, 3,638.137205, 

3,888.6272, 751.45984, and 1,975.8152, respectively. For the PWCS of 

residential areas, chute waste collection systems are planned for high-rise 

apartment buildings and SAUWCSs are planned in commercial areas.  

 

Keywords: Municipal Solid Waste Collection, Collection System and Services, 

Cost-Benefit Analysis, Sustainable Development
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INTRODUCTION  

Municipal solid waste management (MSWM) is a major concern around the 

world. The increasing production of municipal solid waste (MSW) is one of the 

most severe problems, particularly in urban areas of developing nations. The 

rapid growth of population, urbanization, and economic development has 

exacerbated its severity, making it problematic (Chuah et al., 2023). Due to the 

way cities in developing countries are built, how quickly they are growing, and 

the lack of resources to give them the infrastructure and urban services they need, 

trash is not picked up well enough and is often dumped in the streets, empty lots, 

and open dumps ( Andrianisa et al., 2016).  

Municipal solid waste is an environmental concern in cities; hence, 

local governments and private enterprises must consider safeguarding human 

health, the environment, and natural assets (Li et al., 2022; Mukhtar et al., 2016). 

Solid waste collection is an important part of the solid waste management (SWM) 

process, accounting for up to two-thirds of the whole budget. The major costs of 

MSWM systems are devoted to the collection, and its optimization leads to a 

considerable reduction in marginal, financial, and environmental costs (Erfani et 

al., 2018). The rapid growth of global population expansion and the 

corresponding increase in the output of municipal solid garbage have given rise 

to a significant concern (Labib et al., 2021). Collection expenses, on the other 

hand, account for 80–90% and 50–80% of MSWM budgets in low- and middle-

income countries, respectively. The overall amount spent on solid waste 

collection, transportation, and disposal is between 60% and 80% (Sulemana et 

al., 2018).  

However, in high-income countries, waste collection costs less than 

10% of the total SWM budget, compared to 80–90% in low-income countries. 

Moreover, waste is still picked up more often and more efficiently in high-income 

countries than in low-income countries. In developing countries, around 20–50% 

of their available budget is for SWM. Nevertheless, 30–60% of all urban solid 

garbage is not collected, and less than 50% of the population is served (Srivastava 

et al., 2015).  

According to Forouhar & Hristovski (2012), in Afghanistan, SWM is 

one of the least studied environmental issues in many poor nations. Afghanistan, 

being a low-income developing country, is similarly confronted with SWM 

problems. Internal wars have largely damaged the urban environment in 

Afghanistan. According to Khoshbeen et al. (2020), in 2018, a city of 5 million 

people produced 3,050 tonnes of waste with per capita generation of about 0.61 

kg per day. The aim of Kabul New City (KNC) is to achieve sustainable 

development in the planning stage, where aerial view maps make it quite easy to 

analyze different MSWCSS for selecting the best option for Phase-1 and the 

whole KNC area. 
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LITERATURE REVIEW 
Ullah et al. (2022) concluded that the initial step in planning an effective MSW 

collection system is to identify and understand the existing challenges. Recent 

studies highlight common obstacles faced by developing countries, such as 

limited financial resources, inadequate waste collection infrastructure, informal 

waste disposal practices, and the lack of public awareness and participation.  

Additionally, the specific context of KNC presents unique challenges 

related to post-conflict reconstruction, rapid urbanization, and informal 

settlements. To overcome these challenges, researchers emphasize the need for 

comprehensive waste management strategies that incorporate waste reduction, 

reuse, recycling, and proper disposal (Mohd Kusin et al., 2019).  

Efficient planning and design of MSW collection systems play a vital 

role in achieving effective waste management. Recent research emphasizes the 

importance of considering several factors including population density, waste 

generation rates, distance to disposal facilities, and socioeconomic characteristics 

of the target area (Khoshbeen et al., 2020). Advanced technologies, including 

geographic information systems (GIS), optimization models, and route planning 

algorithms, are being employed to optimize collection routes and reduce 

operational costs. 

Engaging stakeholders and promoting community participation are 

essential components of successful waste management initiatives. Recent studies 

emphasize the need for building partnerships among government agencies, waste 

management companies, non-governmental organizations (NGOs), and local 

communities (Mushkani & Ono, 2022). By involving the public in waste 

management planning, decision-making processes can be more inclusive, 

resulting in greater acceptance and adherence to waste management practices. 

Case studies from other developing countries facing similar waste 

management challenges provide valuable insights. However, the waste 

management in these cities offers lessons on effective strategies, technologies, 

and policies that could be relevant to the planning of KNC's MSW collection 

system. Additionally, Khalil et al. (2019) offer useful recommendations for 

recycling policies that prioritize the creation of households' intentions. These 

proposals include the provision of recycling facilities, the encouragement of 

participation through market-driven recycling programs, and the promotion of 

recycling awareness and education. Moreover, Aminu et al. (2022) suggested the 

integration of non-residents into formal garbage collection necessitates the 

establishment of planning and policy implementation, as well as an institutional 

and legal framework. This is of utmost importance in order to achieve effective 

service delivery and satisfaction in areas that are currently not being serviced. 
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RESEARCH METHODOLOGY 
Study Area 
Afghanistan's capital city, Kabul, is in the eastern part of the country at 34°31' N 

and 69°12' E, 1,800 m above sea level (Wafa et al., 2020). The KNC project is 

located in the northwestern part of Kabul city at 69°.36’.18’’ longitude, 

34°.20’42’’ latitude, and an elevation of 1,847 m. The project covers an area of 

approximately 740 km2. There are approximately 54 villages within the KNC 

boundary, some of which have been destroyed or are no longer in existence, and 

approximately 140,000 people live within its borders (Habibi et al., 2021). 

 

 
Figure 7. Figure 1: Showing the map of the whole KNC area (GIS map of Kabul New 

Capital) 
 

Estimated Waste Generation Rate 

Kabul's population and commercial sector are the only two major generators of 

MSW; the remainder comes from outside sources. the rate of solid trash 

production was between 0.31 kg and 0.43 kg per person per day. Meanwhile, 

Khoshbeen et al. (2020) stated that the amount of MSW produced in the city is 

predicted to increase to 3,300 tonnes per day by 2025, with a per capita 

production of 0.61 kg/day. A rise in garbage production per capita per day is 

predicted to increase by 2% on a yearly basis, which can be determined using the 

following formula:  
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𝑘𝑔 𝑐𝑎𝑝𝑖𝑡𝑎 𝑑𝑎𝑦⁄ ∗ 1 + 𝐾%⁄  

For instance: 

0.6 ∗ 1 +
2

100
= 0.62 

 

Economic and Financial Costing 

Economic costing was utilized for determining the least expensive alternatives 

and establishing user fees for waste collection services. In order to determine the 

economic cost of the DCDA Phase-1 collection system, the following variables 

were considered: 

 

Foreign exchange shadow factor = 1.5; opportunity cost of capita = 12%; labor 

cost: fringe benefits = 15%, driver pay = 12,000 AFN/month, and labor pay = 

6,000 AFN/month; management and administration overhead = 10% of direct 

labor cost; vehicle maintenance: motorized vehicles = 20% of purchase price per 

year and non-motorized vehicles = 10% of purchase price per year; insurance and 

sundries = 5% of capital cost; economic life of vehicles = 7–15 years; economic 

life of container 3 and 5; and fuel cost (including tax) = 57 AFN/L. 

 

Average Incremental Cost (AIC) 

 

𝐴𝐼𝐶 = ∑ (𝐶𝑡 + 𝑂𝑡)/(1 + 𝑟)(𝑡−1)𝑡−𝑇
𝑡−1  

∑ (𝑁𝑡/(1 + 𝑟)(𝑡−1)𝑡−𝑇
𝑡−1

 

Where: 

t = time in years; 

T = design lifetime in years (measured from the start of the project at t = 0);  

Ct = construction costs incurred in year t; 

Ot = incremental (from year t = 0) operation and maintenance costs incurred in 

year t; and 

Nt = additional quantity of solid waste (from year t = 0) collected in year t.  

 

Capital Recovery Factor (CRF) 

𝑪𝑹𝑭 =
𝒓(𝟏 + 𝒓)𝑵

(𝟏 + 𝒓)𝑵−𝟏
 

Where:  

r = interest rate; and 

N = loan maturity period.  
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ANALYSIS AND DISCUSSION 
Estimated MSW Generation of the New City 

The solid waste generation in developing Asian nations ranged from 0.41 to 1.62 

kg per person per day, whereas the characterized solid waste generation rate for 

the existing Kabul city ranged between 0. and 0.43 kg/capita/day, with 

approximately 70% of organic fraction including night soil with a specific weight 

(uncompacted waste) at the disposal site was observed (Forouhar & Hristovski, 

2012).  

The solid waste generation rate for Kabul City is 0.61 kg/capita/day 

with 52% organic fraction (Khoshbeen et al, 2020). As KNC development is in 

the planning stage, this characterized waste will be used for the KNC, which used 

0.62 kg/capita/day starting in 2020. The annual waste in kg/capita/day of solid 

waste increased by 2%. As the living standard in Kabul city improves, this would 

increase to 0.87 kg/capita/day in 2037. Phase-1 of KNC waste generation is 

estimated to be 46,562 kg/day in 2020. Demographic growth is around 5%, 

including 3% from natural growth plus 2% from immigration (Mukhtar et al., 

2016).  
Table 1: Estimated waste generation  

Year 
Populat

ion* 

Solid 

Waste*

* 

Genera

tion 

(kg per 

Capita 

per 

Day) 

Total 

Solid 

Waste 

Generati

on (kg 

per Day) 

Total 

Solid 

Waste 

Generatio

n (kg per 

Month) 

Total Solid 

Waste 

Generation 

(kg per Year) 

Biodegradab

le Solid 

Waste 

Generation 

(kg per 

Year) 70% 

Recyclable 

Wholesale 

(kg per 

Year) 5% 

2020 75,100 0.62 46,562 1,396,860 16,995,130 11,896,591 849,756.5 

2021 112,651 0.63 71,240 2,137,215 26,002,779.73 18,201,946 1,300,139 

2022 139,467 0.65 89,963 2,698,887 32,836,461.94 22,985,523 1,641,823 

2023 166,283 0.66 109,406 3,282,172 39,933,090.32 27,953,163 1,996,655 

2024 193,099 0.67 129,590 3,887,708 47,300,449.26 33,110,314 2,365,022 

2025 219,915 0.68 150,538 4,516,153 54,946,529.32 38,462,571 2,747,326 

2026 246,732 0.70 172,273 5,168,202 62,879,787.25 44,015,851 3,143,989 

2027 277,366 0.71 197,536 5,926,078 72,100,616.75 50,470,432 3,605,031 

2028 308,000 0.73 223,740 6,712,202 81,665,127.52 57,165,589 4,083,256 

2029 338,634 0.74 250,913 7,527,401 91,583,378.47 64,108,365 4,579,169 

2030 369,268 0.76 279,084 8,372,523 101,865,693.4 71,305,985 5,093,285 

2031 400,000 0.77 308,357 9,250,705 1.13E+08 78,785,170 5,627,512 

2032 420,000 0.79 330,250 9,907,505 120,541,309.6 84,378,917 6,027,065 
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Year 
Populat

ion* 

Solid 

Waste*

* 

Genera

tion 

(kg per 

Capita 

per 

Day) 

Total 

Solid 

Waste 

Generati

on (kg 

per Day) 

Total 

Solid 

Waste 

Generatio

n (kg per 

Month) 

Total Solid 

Waste 

Generation 

(kg per Year) 

Biodegradab

le Solid 

Waste 

Generation 

(kg per 

Year) 70% 

Recyclable 

Wholesale 

(kg per 

Year) 5% 

2033 441,000 0.80 353,698 10,610,938 129,099,742.6 90,369,820 6,454,987 

2034 463,050 0.82 378,810 11,364,314 138,265,824.3 96,786,077 6,913,291 

2035 486,203 0.83 405,706 12,171,181 148,082,697.8 103,657,888 7,404,135 

2036 510,513 0.85 434,511 13,035,334 158,596,569.4 111,017,599 7,929,828 

2037 536,038 0.87 465,361 13,960,843 169,856,925.8 118,899,848 8492846 

Source: KNC Data and Author’s Calculation 
 

The population increase was assumed to be 5%*; the solid waste in kg/ 

capita/day was assumed to increase by 2%**. 

 

Municipal solid waste collection in the Existing Kabul City 
Garbage collection in the existing Kabul city was carried out by container 

collection services and door-to-door collection services Table 2. 

 

CP Container Collection Services  

In the existing Kabul city, there are approximately 4,273 collection containers, 

with 857 of 7 m3 bins, 1,116 of 1 m3 bins, and the remaining 2,300 are 0.1 m3 

bins (Khoshbeen et al., 2020). This covers an area of about 375 km2, covering 18 

cities out of a total of 22 districts. Residents bring their waste to a CP container 

located close to their houses. Waste spreading near the road attracts scavengers 

(human beings and animals). It is a deteriorating environment, which makes it 

unaesthetic and produces bad smells and also occupational and health problems. 

In Kabul city, much workforce is used to collect solid waste. According to an 

official of DoS, out of 3,752 DoS staff members, about 2,415 provide waste 

collection services, while around 1,301 are assigned to sweep the streets (Azimi 

et al., 2020).  

 

Door-to-Door (D2D) System 

In Kabul city, a D2D collection system has also been established in some 

residential areas for waste collection using compactor trucks and dump trucks. In 

general, there are three possibilities for collecting household garbage: 

municipalities collect refuse from residences using municipal employees and 

equipment, municipalities partner with private trash haulers to provide domestic 
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refuse collection services, and individual homes contract with private garbage 

haulers for domestic refuse collection without intervention from the municipality. 

 

Types of Buildings and Residential and Commercial Areas in Phase-1 of 

KNC 
The KNC area is to be divided into three phases and one agriculture economic 

zone (a total of four phases) until 2025, but the implementation has not been 

carried out to date. Phase-1 and Phase-2 development plan has been 

accomplished. For Phase-1 and Phase-2, the area is divided into residential areas, 

commercial areas, industrial parks, and greenery parks. The collection of MSW 

from residential and commercial areas of Phase-1 is discussed in this paper. The 

residential and commercial areas are: 

 

Residential Areas in Phase-1  

The residential areas in phase-1 are planned to have social housing; affordable 

housing; high-, medium-, and low-density housing, and villas, with the plot size 

of 10 × 15, 10 × 20, 12 × 25, 15 × 30, 17 × 30, and 20 × 40 m2, respectively. The 

accommodation of 6–9 people with a minimum of three and a maximum of four 

stories is shown in Table 1. 

 

Commercial Areas in Phase-1  

For Phase-1, the commercial areas are divided into mixed residential, local 

commercial, district commercial, and central commercial areas, with areas of 250, 

200, 150, and 110 m2, respectively, and the area of local commercial is 60 m2. 

The district commercial area covers a total of 115,000 m2 in Phase-1, while the 

central commercial area is about 47,600 m2. The local commercial area has a 

minimum of three and a maximum of five stories, whereas the central commercial 

area has a maximum of ten stories. 

 

Proposed Collection System for Phase-1 Area 

Developing countries spent 20–40% of municipal revenues on solid waste 

collection. Out of the total money spent on SWM, 60–80% is spent on the 

collection of solid waste (Bhargava et al., 2019). Improvement of collection 

operation by a small percentage can give significant savings in the overall cost. 

The collection system for the Phase-1 area is proposed as follows:  
 
Solid Waste Collection for Residential Areas  

A 2,410 m2 area is allocated for the residential houses in the Phase-1 of KNC. 

Three different colored wheelie bins will be used by each house for onsite 

segregation and the collection of waste in each residential house. The waste from 

these wheelie bins will be collected door to door. It will be transported to the 

transfer station that has been planned in Phase-1. The KNC area will have 



Wafaurahman Wafa, Amir Hamzah Sharaai, Sifatullah Mukhtar, Kawoon Sahak, Fazal Rahman Afghan 

Urban Development and Waste Management Planning in Kabul New City, Afghanistan: A Case Study 

 

© 2023 by MIP 104 

recycling industries. The feedstock of these recycling industries will be taken 

from the KNC area. Onsite segregation will be carried out by the residents. 

Different studies show that the segregation of these wastes by NGOs or private 

entities gives great benefits. Also, local people will improve the habits of source 

segregation. In 7 years, the privatization of solid waste collection activities has 

improved from 10% to 40%. For attaining sustainability in waste management, 

this approach by NGOs or private entities is considered to be the right measure 

(Kassim & Ali, 2006). A 1-year survey of 126 municipalities indicated that 

contracting solid waste collection services saved a significant amount of money 

(McDavid, 1985). Therefore, the Phase-1 area of KNC will be given either the 

recyclables or other waste collection by the NGOs, CBOs, etc. or it will be given 

to the municipality, and it will be decided later in the operation and maintenance 

of the area. A compactor truck will be used for the collection of this garbage. 

 

Solid Waste Collection for Commercial Areas 

However, securing the investment cost for a pneumatic waste collection system 

is hard for developing countries, and the maintenance procedure is also 

complicated. A pneumatic waste collection system provides the best 

environmental performance. From another point of view, pneumatic waste 

collection methods are better than traditional ones because they make less noise, 

cause less accidents, smell less, and cause less traffic jams. Nonetheless, under 

an existing metropolitan infrastructure, the total air emissions would increase 

(Vásquez et al., 2013). A special compactor truck will be used for the collection 

of garbage from the commercial areas. 

 

High-Rise Apartment Buildings 
Most high-rise apartment buildings with more than seven floors have a chute 

collection system. The same approach will be used for KNC. For the efficiency 

of the collection system for high-rise apartment buildings, the chute collection 

system will be used for the Phase-1 area. It has been planned in this stage that the 

chute system could be used for apartment buildings with more than seven floors. 

A compactor truck will be used for the collection of garbage. 

 

Transfer Station 

One transfer station has been selected for the Phase-1 area with a land size of 

approximately 2 hectares. The transfer station and its routing for the collection of 

solid waste have not been considered because the tertiary roads have not been 

finalized yet. For transportation, the distance taken into consideration is 149.6 km 

of the total Phase-1 roads (primary and secondary). In more detail, the complete 

solid waste collection system will be prepared with a more realistic approach after 

the complete routing of collection services. More detailed routing of the 

collection system will be carried out using GIS/CAD software. 
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Table 2: Showing cost of different waste collection system in AFN 
  Proposed 

waste 

collection 

system 

Stand Alone 

Undergroun

d Waste 

Collection 

system 

Tailored System 

Proposed by JICA 

study team 

Traditional 

Used as a 

Restrain or 

Control 

system. 

Alley 

Container 

Collection 

services 

Capital  Vehi

cles 

Con

tain

er 

Veh

icles 

Cont

ainer 

Veh

icles 

Con

tain

er 

Civil 

work 

Ve

hicl

es 

Cont

ainer 

Vehi

cles 

Con

tain

er 

Purchase price 

per unit 

2280

000 

507

0 

400

000

0 

4417

52 

228

000

0 

199

50 

5000 239

60 

1995

0 

1140

000 

285

00 

Total Purchase 

unit 

44 225

4 

15                

221  

100 139

1 

464 113 1391 63 125 

Estimated life 

(years) 

15 5 15 15 15 3 20 7 3 7 3 

Foreign 

Exchange 

shadow factor 

1.5 1.5 1.5 1.5 1.5 1.5 0 1.5 1.5 1.5 1.5 

Shadow system 

Purchase 

1504

8000

0 

171

401

58 

900

000

00 

  

146,4

70,25

3  

342

247

541 

416

313

02 

2318

646.7

29 

406

122

0 

4163

1302.

02 

1069

5235

6.6 

534

761

8 

Total shadowed 

system vehicles 

+ container 

167620158                         

236,470,253  

386197490 45692522 112299974 

Operation and 

Maintenance 

                      

Driver  5280

00 

  180

000 

  120

086

9 

    135

600

0 

  7505

43 

  

Unskilled 

Laborer  

2640

00 

  900

00 

  600

434 

    678

000 

  3752

71 

  

Shadowed 

unskilled labor 

shadow factor 

1   1   1     1   1   

Shadowed 

unskilled labor 

cost 

2640

00 

  900

00 

  600

434 

    678

000 

  3752

71 

  

Total shadowed 

system labor 

cost 

792000 270000 1801303 2034000 1125814 

Fuel in Afghani/ 

liter for the 

tripping in whole 

phase-1 area 

with tax 

9210

63 

  251

199 

  167

466

0 

    189

236

6 

  1055

036 

  

Total  921063 251199 1674660   1892366 1055036 

Vehicles 

Maintenance  

3009

6000 

171

401

6 

180

000

00 

14,64

7,025  

684

495

08 

416

313

0 

2318

65 

812

244 

4163

130 

2139

0471.

31 

534

762 

Total 

Maintenance 

cost 

31810016                           

32,647,025  

72844503 4975374 21925233 
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Management and 

administration 

overheads (10 % 

of direct labor 

cost) 

7920

0 

  251

20 

  180

130 

    203

400 

  1125

81 

  

Total System 

management 

7920

0 

  251

20 

  180

130 

    203

400 

  1125

81 

  

Insurance and 

sundries (5% of 

capital cost) 

7524

000 

    

4,50

0,00

0  

  171

123

77 

    203

061 

  5347

618 

  

Total system 

Operation and 

Maintenance 

cost 

41047079                      

37,668,224.28  

93432843 9104801 29453701 

Waste collection                        

Trip per day 2   2   2     2   2   

Tons per trip 101   103  s 101     100   98   

Tons per year 

365 working 

days 

73677 75351 73677 72921 71744 

Source: Kabul city Municipality 

 

CONCLUSION 
The development of a comprehensive and efficient MSW collection system is 

crucial for the sustainable development of KNC in Afghanistan. This research 

focused on planning an effective MSW collection system and services in KNC 

by considering the problems of waste management in emerging countries. The 

study emphasized the importance of understanding the challenges, such as limited 

financial resources, inadequate infrastructure, informal waste disposal practices, 

and lack of public awareness and participation.  

The research aimed to propose a waste collection system that addresses 

the specific needs of KNC and promotes sustainable development. Various 

approaches were employed, including estimating waste generation rates, 

conducting economic and financial costing, and utilizing cost-benefit analysis. 

These methods provided insights into waste generation levels, costs associated 

with waste collection, and potential benefits of different collection system 

options. Based on the findings, suggestions were made on how the MSW 

collection system in KNC should be set up. These include implementing door-to-

door collection for residential areas, a stand-alone underground system for 

commercial areas, and a chute collection system for high-rise buildings. Factors 

such as population density and waste generation rates were considered in 

determining the appropriate system for each area. The research emphasized the 

importance of stakeholder engagement and community participation in waste 

management initiatives. Building partnerships among government agencies, 

waste management companies, NGOs, and local communities is essential for 
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inclusive decision-making and successful implementation of waste management 

practices. 

 The proposed waste collection system offers a promising approach to 

address waste management challenges in KNC. By optimizing collection routes, 

reducing costs, and promoting waste reduction and resource recovery, the system 

can contribute to environmental sustainability and public health in KNC. 

However, implementing the proposed system will require careful planning, 

investment, and ongoing monitoring and evaluation. Collaboration, adequate 

funding, and continuous education and awareness programs are necessary for the 

long-term success and sustainability of the MSW collection system in KNC. 

Overall, this research provides valuable insights and recommendations for the 

planning and development of an effective MSW collection system in KNC, 

Afghanistan. By addressing specific challenges and considering sustainable 

waste management practices, KNC can work toward a cleaner, healthier, and 

more environmentally friendly future. 

 

REFERENCES 
Aminu, M., Abd Manaf, L., Sharaai, A. H., & Zainordin, N. S. (2022). Solid Waste 

Collection Service Satisfaction in Non-Service Area of Jigawa State, Nigeria. 

Journal of Environmental Management & Tourism, 13(5), 1407–1415. 

Andrianisa, H. A., Brou, Y. O. K., & Séhi bi, A. (2016). Role and importance of informal 

collectors in the municipal waste pre-collection system in Abidjan, Côte d’Ivoire. 

Habitat International, 53, 265–273. 

https://doi.org/10.1016/j.habitatint.2015.11.036 

Azimi, A. N., Dente, S. M. R., & Hashimoto, S. (2020). Analyzing Waste Management 

System Alternatives for Kabul City, Afghanistan: Considering Social, 

Environmental, and Economic Aspects. Sustainability, 12(23), 9872. 

Bhargava, K., Gupta, R., Singhal, A., & Shrinivas, A. (2019). Genetic Algorithm to 

Optimize Solid Waste Collection. Proceedings of the 3rd International 

Conference of Recent Trends in Environmental Science and Engineering 

(RTESE’19), 1–8. https://doi.org/10.11159/rtese19.110 

Chuah, S.-C., Putit, L., & Singh, J. S. K. (2023). ASSESSING RESIDENTS’ 

INTENTION TOWARDS MUNICIPAL SOLID WASTE SOURCE 

SEPARATION: A CASE STUDY OF MALAYSIA. PLANNING MALAYSIA, 

21(25 SE-Article). https://doi.org/10.21837/pm.v21i25.1245 

Erfani, S. M. H., Danesh, S., Karrabi, S. M., Shad, R., & Nemati, S. (2018). Using applied 

operations research and geographical information systems to evaluate effective 

factors in storage service of municipal solid waste management systems. Waste 

Management, 79, 346–355. 

Forouhar, A., & Hristovski, K. D. (2012). Characterization of the municipal solid waste 

stream in Kabul, Afghanistan. Habitat International, 36(3), 406–413. 

https://doi.org/10.1016/J.HABITATINT.2011.12.024 

Habibi, S. M., Ono, H., & Shukla, A. (2021). Geographical Information System (GIS) 

Based Multi-Criteria Decision Analysis for Categorization of the Villages: In the 

Case of Kabul New City Villages. Urban Science, 5(3), 65. 



Wafaurahman Wafa, Amir Hamzah Sharaai, Sifatullah Mukhtar, Kawoon Sahak, Fazal Rahman Afghan 

Urban Development and Waste Management Planning in Kabul New City, Afghanistan: A Case Study 

 

© 2023 by MIP 108 

https://doi.org/10.3390/urbansci5030065 

Kassim, S. M., & Ali, M. (2006). Solid waste collection by the private sector: 

Households’ perspective—Findings from a study in Dar es Salaam city, Tanzania. 

Habitat International, 30(4), 769–780. 

https://doi.org/10.1016/j.habitatint.2005.09.003 

Khalil, M. S., Ming, H. Y., Abd Manaf, L., Sharaai, A. H., & Nabegu, A. B. (2019). 

INCOME PERSPECTIVE ON THE FACTORS INFLUENCING 

HOUSEHOLDS’ RECYCLING INTENTION: IMPLICATIONS FROM THE 

EXTENDED THEORY OF PLANNED BEHAVIOUR. PLANNING MALAYSIA, 

17(10 SE-Article). https://doi.org/10.21837/pm.v17i10.640 

Khoshbeen, A. R., Logan, M., & Visvanathan, C. (2020). Integrated solid-waste 

management for Kabul city, Afghanistan. Journal of Material Cycles and Waste 

Management, 22(1), 240–253. https://doi.org/10.1007/s10163-019-00936-z 

Labib, O. A., Manaf, L., Sharaai, A. H., & Zaid, S. S. (2021). Understanding the Effect 

of Internal and External Factors on Households’ Willingness to Sort Waste in 

Dammam City, Saudi Arabia. In International Journal of Environmental Research 

and Public Health (Vol. 18, Issue 18). https://doi.org/10.3390/ijerph18189685 

Li, Y., Sharaai, A. H., Ma, S., Wafa, W., He, Z., & Ghani, L. A. (2022). Quantification 

of Carbon Emission and Solid Waste from Pottery Production by Using Life-Cycle 

Assessment (LCA) Method in Yunnan, China. In Processes  (Vol. 10, Issue 5). 

https://doi.org/10.3390/pr10050926 

McDavid, J. C. (1985). The Canadian experience with privatizing residential solid waste 

collection services. Public Administration Review, 45(5), 602–608. 

https://doi.org/10.2307/3109936 

Mohd Kusin, F., Md Joni, A. A., Mohamat Yusuff, F., & Syed Hasan, S. N. M. (2019). 

EVALUATING CAPACITY BUILDING OF THE LOCAL COMMUNITY 

TOWARDS ENVIRONMENTAL CONSERVATION IN AN ESTUARINE 

COMMUNITY, KONG KONG LAUT, JOHOR. PLANNING MALAYSIA, 17(10 

SE-Article). https://doi.org/10.21837/pm.v17i10.632 

Mukhtar, S., Wafa, W., Halimzai, H., & Shams, A. K. (2016). Planning for the Solid 

Waste Management of Central Park in New Capital Development of Afghanistan. 

Journal of Environmental Protection, 7(06), 805–815. 

https://doi.org/10.4236/jep.2016.76073 

Mushkani, R. A., & Ono, H. (2022). Urban planning, political system, and public 

participation in a century of urbanization: Kabul, Afghanistan. Cogent Social 

Sciences, 8(1), 2045452. 

Srivastava, V., Ismail, S. A., Singh, P., & Singh, R. P. (2015). Urban solid waste 

management in the developing world with emphasis on India: challenges and 

opportunities. Reviews in Environmental Science and Bio/Technology, 14, 317–

337. 

Sulemana, A., Donkor, E. A., Forkuo, E. K., & Oduro-Kwarteng, S. (2018). Optimal 

routing of solid waste collection trucks: A review of methods. Journal of 

Engineering, 2018. 

Ullah, S., Bibi, S. D., Ali, S., Noman, M., Rukh, G., Nafees, M. A., Bibi, H., QIAO, X. 

C., Khan, S., & Hamidova, E. (2022). ANALYSIS OF MUNICIPAL SOLID 

WASTE MANAGEMENT IN AFGHANISTAN, CURRENT AND FUTURE 



PLANNING MALAYSIA 

Journal of the Malaysia Institute of Planners (2023) 
 

 109  © 2023 by MIP 

PROSPECTS: A CASE STUDY OF KABUL CITY. Applied Ecology & 

Environmental Research, 20(3). 

Vásquez, D. Z., Usón, A. A., Zabalza, I., Bribián, I. Z., & Ferreira, G. (2013). 

Environmental Performance of Applying Alternative Energies to the Collection, 

Transport and MBT Plant Within an Integrated MSW Management System. In 

Alternative Energies (pp. 267–287). Springer. https://doi.org/10.1007/978-3-642-

40680-5 

Wafa, W., Hairan, M. H., & Waizy, H. (2020). The Impacts of Urbanization on Kabul 

City ’ s Groundwater Quality. International Journal of Advanced Science and 

Technology, 29(4), 10796–10809. 

http://sersc.org/journals/index.php/IJAST/article/view/33587 

 

 

Received: 26th June 2023. Accepted: 15th August 2023



 
 

 

4 Senior Lecturer at Universiti Malaya. Email: zulkiflee1969@um.edu.my 

PLANNING MALAYSIA: 

Journal of the Malaysian Institute of Planners 

VOLUME 21 ISSUE 5 (2023), Page 110 – 125 

SELECTING A STANDARD SET OF ATTRIBUTES FOR THE 

DEVELOPMENT OF MACHINE LEARNING MODELS OF 

BUILDING PROJECT COST ESTIMATION 

 
Hafez Salleh1, Rui Wang2, Nur Zahirah Haji Affandi3, Zulkiflee Abdul-

Samad4 

 
1,2,3,4 Centre of Building Construction and Tropical Architecture (BuCTA), 

Faculty of Built Environment, 

UNIVERSITI MALAYA 

 

 

Abstract 

 

Accurate cost estimation is a critical aspect of successful construction projects, 

and the application of machine learning offers promising advancements in this 

domain. However, to achieve reliable cost predictions, the selection of a 

standardized set of attributes that significantly influence model performance is 

essential. This research addresses the research gap by investigating the systematic 

clarification of a standard set of attributes for machine learning models in 

building cost estimation. Firstly, plenty of attributes were summarized by 

literature review, then by questionnaire surveying and focus group discussion of 

the Delphi study period, the final 68 ranked attributes were determined and 

formulated the attribute set of building data. The findings of this research are 

beneficial to improve the accuracy of estimation by providing the essence of 

developing a building cost estimation of machine learning because the domain 

researcher can refer to these listed attributes to determine the lay structure of a 

new model. 

 
 

Keywords: Standardized set of attributes, cost estimation model, machine 

learning 
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INTRODUCTION  
In the construction industry, accurate building cost estimation is essential for 

project success, budget planning, and resource allocation (Car-Puši & Mladen, 

2020; Elmousalami, 2020). Traditional methods often rely on expert judgment 

and historical data, leading to time-consuming and biased estimates (Hashemi et 

al., 2020). The advent of machine learning offers a promising alternative, 

enabling data-driven approaches to improve accuracy and efficiency (Abed et al., 

2022; Hashemi et al., 2020). However, there is a lack of sufficient research 

focusing on the selection of a standardized attribute set for machine learning 

models in building cost estimation (Elmousalami, 2020; Pike & Grosse, 2018). 

This research aims to address the gap by clarifying a standard set of attributes for 

the development of machine learning models in building cost estimation.  

To effectively solve the above problem, this research summarized the 

long list of attributes of building data by literature review and used the Delphi 

method including questionnaire surveying and focus group discussion to rank and 

screen key attributes for cost estimation and further formulate a standard set of 

attributes for building a cost estimation model. This research holds significant 

implications for the construction industry and the field of machine learning 

applications. The establishment of a standardized attribute set will enhance 

transparency and comparability in cost estimation practices, empowering 

scholars to make informed references. 

 

LITERATURE REVIEW 
The theoretical foundation for developing a cost estimation model by 

machine learning 

With the development of Artificial Intelligence (AI) technology, more and more 

innovative machine learning models were developed to improve the accuracy of 

building cost estimation (Elmousalami, 2020). Developing a prediction model is 

a common process of data mining, which involves using statistical and machine 

learning techniques to analyze and extract useful patterns and relationships from 

large datasets (Lu & Zhang, 2022), so it is essential to clarify the main procedures 

of data mining before developing a machine learning model. In general, the 

Cross-Industry Standard Process for Data Mining (CRISP-DM) model can 

provide effective guidance for developing data mining techniques, and it provides 

a systematic and comprehensive approach to developing machine learning 

models, making it an ideal choice for building cost estimation models that are 

reliable, relevant, and aligned with business objectives (Schröer et al., 2021). 

As Figure 1, the CRISP-DM model is composed of six steps for data 

mining: business understanding, data understanding, data preparation, modelling, 

evaluation and development (Schröer et al., 2021). It is obvious that business 

understanding is the key step and also the basis of subsequent work. The critical 
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task of business understanding for developing a cost estimation model is to 

identify the attributes of building data from big data, precise and vital attribute 

set is beneficial to construct the structure of the cost estimation model and guide 

the limitation of data collection and data cleaning (Elmousalami, 2020). 

 

 
 

Figure 1: The Cross-Industry Standard Process for Data Mining Model (CRISP-DM) 
Source: (Schröer et al., 2021; Wirth & Hipp, 2000) 

 

Attributes of building data for cost estimation 

Attributes in building cost estimation refer to the specific characteristics or 

factors that are considered in the estimation process to determine the cost of 

constructing a building or structure (Elhag & Boussabaine, 1998; Elmousalami, 

2020). These attributes provide a basis for quantifying and evaluating the various 

elements that contribute to the overall cost. 

In the context of building a cost estimation model, attributes refer to the 

variables or features used as input to the model to predict or estimate costs 

(Elmousalami, 2020). These attributes capture relevant information about the 

projects, activities, or resources that influence the cost. The quality and relevance 

of the attributes significantly impact the accuracy and effectiveness of the cost 

estimation model (Pike & Grosse, 2018). 

The following table shows the collected attributes derived for building 

Cost estimation from various literature reviews. It also shows the cost-estimating 

techniques that were adopted for Estimating the cost of the building. There are 

11 categories to group the attributes and the categories are Project Strategic, 

Parties-involved, Site-related, Mechanical and Electrical, Building-component, 

Design-related, Material-related, Area-related, Ratio-related, Households-related 

and External Influences. 
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Table 1: Categorization of attributes of building datasets 
No. Attributes Citations 

Project Strategic Variables (V1) 

1 Bidding environment (Chan & Park, 2005)  

2 Duration 

(Jumas et al., 2018), (Ahiaga-Dagbui & Smith, 2014), (Bala et 

al., 2014), (S. Kim & Shim, 2014), (Elfaki et al., 2014), 

(Emsley et al., 2002), (G.-H. Kim et al., 2004), (Elhag & 

Boussabaine, 1998) 

3 Estimating Method (Alshemosi & Alsaad, 2017), (Al-Khaldi, 1990)  

4 
Importance for the project to be completed within 

budget 
(Chan & Park, 2005) 

5 Procurement Strategy (Emsley et al., 2002) 

6 Project Type 
(Ahiaga-Dagbui & Smith, 2014), (Elhag & Boussabaine, 

1998) 

7 Quality of Building (Emsley et al., 2002) 

8 Quality of Project Information (Riquelme & Serpell, 2013) 

9 Tendering Strategy 
(Ahiaga-Dagbui & Smith, 2014), (Elfaki et al., 2014), (Emsley 

et al., 2002) 

10 Contract Form/ Type of Contract 
(Chan & Park, 2005), (Emsley et al., 2002), (Elhag & 

Boussabaine, 1998) 

11 Purpose/ Type of use 
(Jumas et al., 2018), (El-Sawalhi & Shehatto, 2014), (S. Kim 

& Shim, 2014), (Chan & Park, 2005), (Emsley et al., 2002) 

12 Year (Built year) (S. Kim & Shim, 2014), (G.-H. Kim et al., 2004) 

Parties-involved Variables (V2) 

2.1 Consultant  

13 Experience with similar projects (Chan & Park, 2005) 

14 Level of construction sophistication (Chan & Park, 2005) 

15 staffing level to attend to the contractor (Chan & Park, 2005) 

16 
No. of DBB/DB projects handled by the consultant 

in the past 
(Chan & Park, 2005) 

2.2 Contractor  

17 Financial Management ability (Chan & Park, 2005) 

18 Design capability (Chan & Park, 2005) 

19 Experience with similar size of projects (Chan & Park, 2005) 

20 Experience with similar types of projects (Chan & Park, 2005) 

21 Health and safety management capability (Chan & Park, 2005) 

22 Key personnel’s management ability (Chan & Park, 2005) 

23 
Prior working relationship with consultants and 

owner 
(Chan & Park, 2005) 

24 Quality control and management capability (Chan & Park, 2005) 

25 Staffing level (Chan & Park, 2005) 

26 Technical expertise (Chan & Park, 2005) 

27 
Track record for completion on budget, time and 

acceptable quality 
(Chan & Park, 2005) 

28 Level of Technologically Advancement (Chan & Park, 2005) 

29 Size of the contractor by paid-up capital (US$) (Chan & Park, 2005) 

30 
The magnitude of claims and disputes in 

contractor’s past projects 
(Chan & Park, 2005) 

31 Adequacy of contractor’s plant and equipment (Chan & Park, 2005) 

2.3 Client related  

32 
No. of DBB/DB projects handled by owner in the 

past 
(Chan & Park, 2005) 

33 Owner’s experience with similar projects (Chan & Park, 2005) 
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No. Attributes Citations 

34 Owner’s level of construction sophistication (Chan & Park, 2005) 

35 Owner’s staffing level to attend to the contractor (Chan & Park, 2005) 

Site-related variables (V3) 

36 
Geology property 

(Soft, Medium, Hard) 
(M.-Y. Cheng & Wu, 2005) 

37 Location (Including location index) 
(Ahiaga-Dagbui & Smith, 2014), (Alshemosi & Alsaad, 2017), 

(S. Kim & Shim, 2014), (Al-Khaldi, 1990), (An et al., 2007) 

38 Location of the core (e.g., central, peripheral) (Doğan et al., 2006), (Doğan et al., 2008) 

39 Seismic Zone (J. C. P. Cheng et al., 2010) 

40 Site Access 
(Ahiaga-Dagbui & Smith, 2014), (Bhokha & Ogunlana, 1999), 

(Emsley et al., 2002), (Elhag & Boussabaine, 1998)  

41 Site Condition (Including ground condition) 

(Alshemosi & Alsaad, 2017), (J. C. P. Cheng et al., 2010), (Al-

Khaldi, 1990), (Riquelme & Serpell, 2013), (Elhag & 

Boussabaine, 1998) 

42 Soil Type (Ahiaga-Dagbui & Smith, 2014) 

43 Topography (Emsley et al., 2002) 

44 Type of Location (Emsley et al., 2002) 

45 Type of Site (Emsley et al., 2002) 

Mechanical and Electrical related variables (V4) 

46 Air conditioning system (Emsley et al., 2002) 

47 Electrical buried pipe (Jiang, 2019) 

48 Electrical installations (Emsley et al., 2002) 

49 Electro-mechanical infrastructure (J. C. P. Cheng et al., 2010) 

50 Mechanical Installations (Emsley et al., 2002) 

51 **No. of elevators 
(Ji et al., 2011), (Ahn et al., 2014), (El-Sawalhi & Shehatto, 

2014), (Ji et al., 2019), (Emsley et al., 2002) 

52 Protective Installation (fire protection) (Emsley et al., 2002) 

53 Special Installations (Emsley et al., 2002) 

54 Type of Mechanical works (El-Sawalhi & Shehatto, 2014) 

55 Type of electricity works (El-Sawalhi & Shehatto, 2014) 

Building-component variables (V5) 

5.1 Structural 

56 Type of foundation 

(Jumas et al., 2018), (Arafa & Alqedra, 2011), (El-Sawalhi & 

Shehatto, 2014), (Doğan et al., 2006), (Hong et al., 2011), 

(Doğan et al., 2008), (Latief et al., 2013), (An et al., 2007), 

(Bhokha & Ogunlana, 1999) , (Feng & Li, 2013), (Ahn et al., 

2014) 

57 Building envelope (Emsley et al., 2002) 

58 Structural units (Emsley et al., 2002) 

59 Structure form (Feng & Li, 2013) 

60 Structure type (Ji et al., 2011), (Hong et al., 2011) 

61 Substructure (S. Kim & Shim, 2014) , (Emsley et al., 2002) 

62 Superstructure (S. Kim & Shim, 2014) 

63 Retaining Wall (S. Kim & Shim, 2014) 

64 Type of Slab (El-Sawalhi & Shehatto, 2014) 

65 Usage of basement (An et al., 2007), (G.-H. Kim et al., 2004) 

5.2 Architectural 

66 Windows and doors (Feng & Li, 2013), (Emsley et al., 2002) 

67 Wall (Internal and External) (S. Kim & Shim, 2014), (Emsley et al., 2002) 

68 Ceiling (S. Kim & Shim, 2014) 

69 Floor Type (Doğan et al., 2006), (Doğan et al., 2008) 



PLANNING MALAYSIA 

Journal of the Malaysia Institute of Planners (2023) 

 

 

 115  © 2023 by MIP 

No. Attributes Citations 

70 Roof (construction, & profile) (Emsley et al., 2002) 

71 Type of roof 
(Jumas et al., 2018) , (Ji et al., 2011), (Ahn et al., 2014), (S. 

Kim & Shim, 2014), (An et al., 2007), (G.-H. Kim et al., 2004) 

72 Type of Tiling (El-Sawalhi & Shehatto, 2014) 

5.3 Finishes 

73 Ceiling Finishes (Emsley et al., 2002) 

74 Floor Finishes (Emsley et al., 2002) 

75 Wall Finishes (Emsley et al., 2002) 

76 Roof Finishes (Emsley et al., 2002) 

Design-related variable (V6) 

77 Building height 

(Jumas et al., 2018) , (Alshemosi & Alsaad, 2017) , (Bala et 

al., 2014), (Jin et al., 2012), (Bhokha & Ogunlana, 1999), 

(Emsley et al., 2002) 

78 Level of Design Complexity (Chan & Park, 2005) 

79 No. of buildings (Hong et al., 2011) 

80 No. of floors 

(Ji et al., 2011), (Ahn et al., 2014), (Arafa & Alqedra, 2011), 

(Bala et al., 2014), (S. Kim & Shim, 2014), (Jin et al., 2012), 

(Ji et al., 2019), (J. C. P. Cheng et al., 2010), (Doğan et al., 

2006), (Doğan et al., 2008), (Feng & Li, 2013), (Sonmez, 

2004) 

81 No. of units (Jiang, 2019), (An et al., 2007), (G.-H. Kim et al., 2004) 

82 No. of similarly constructed buildings (Hong et al., 2011) 

83 Shape Complexity (Emsley et al., 2002) 

84 
Type of Ground Plan (e.g., open space/ 

compartmentalised) 
(Hong et al., 2011) 

Material-related variables (V7) 

85 Concrete (Jiang, 2019) 

86 Masonry (Jiang, 2019) 

87 Steel bar (Jiang, 2019) 

Area-related variables (V8) 

88 External Wall area (Jumas et al., 2018), (Bala et al., 2014) 

89 Area per unit 
(Latief et al., 2013), (Sonmez, 2004), (Ji et al., 2019), (An et 

al., 2007) 

90 Building Area (Amin, 2017), (Sonmez, 2004), (Shin, 2015) 

91 
Compactness (external wall area/ gross external 

floor area) 
(Jumas et al., 2018), (Bala et al., 2014) 

92 Gross External Floor Area (Bala et al., 2014) 

93 Gross Floor Area 

(Jumas et al., 2018), (Ji et al., 2011), (Ahn et al., 2014), (Latief 

et al., 2013), (An et al., 2007), (Hong et al., 2011), (Shin, 

2015), (G.-H. Kim et al., 2004), (Elhag & Boussabaine, 1998) 

94 Functional Area (Bhokha & Ogunlana, 1999) 

95 The gross floor area of the subsidiary facilities (Hong et al., 2011) 

96 Ground Area (Jin et al., 2012) 

97 Ground Floor Area (Arafa & Alqedra, 2011) 

98 Land Area (Amin, 2017) 

99 Landscape Area (Jin et al., 2012), (Hong et al., 2011) 

100 Site area 
(Jin et al., 2012), (J. C. P. Cheng et al., 2010), (Hong et al., 

2011) 

101 Structural Parking Area (Arafa & Alqedra, 2011), (Sonmez, 2004) 

102 Total area 
(Alshemosi & Alsaad, 2017), (S. Kim & Shim, 2014), (Doğan 

et al., 2006), (Doğan et al., 2008) 

103 Typical Floor Area (Arafa & Alqedra, 2011), (El-Sawalhi & Shehatto, 2014) 
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No. Attributes Citations 

104 *Underground area (Jin et al., 2012), (Hong et al., 2011) 

105 Lot area (Ahn et al., 2014) 

Ratio-related variables (V9) 

106 *Floor Area ratio (S. Kim & Shim, 2014), (Jin et al., 2012) 

107 *Building Coverage ratio (S. Kim & Shim, 2014), (Jin et al., 2012) 

108 Building ratio (Hong et al., 2011) 

109 Building to-plan ratio (Hong et al., 2011) 

110 Number of Units per Number of Storeys Ratio (Latief et al., 2013) 

111 The ratio of floor area to total area (Doğan et al., 2006), (Doğan et al., 2008) 

112 The ratio of the footprint area to the total area (Doğan et al., 2006), (Doğan et al., 2008) 

113 The ratio of typical floor area to GFA (Jumas et al., 2018) 

114 Wall-to-floor ratio (Emsley et al., 2002) 

Households-related variables (V10) 

115 No. of households 
(Ji et al., 2011), (Hong et al., 2011), (Ahn et al., 2014), (Arafa 

& Alqedra, 2011), (J. C. P. Cheng et al., 2010) 

116 No. of households per piloti (Ji et al., 2011), (Ahn et al., 2014) 

117 No. of households per unit floor (Ji et al., 2011), (Ahn et al., 2014) 

118 No. of households per building (Ji et al., 2011), (Ahn et al., 2014) 

119 Type of household (Hong et al., 2011) 

External Influences variables (V11) 

120 
Earthquake impact 

(Low, High) 
(M.-Y. Cheng & Wu, 2005) 

121 Economic Instability (Alshemosi & Alsaad, 2017), (Al-Khaldi, 1990) 

122 Weather Conditions (Riquelme & Serpell, 2013) 

123 Market Status (Alshemosi & Alsaad, 2017), (Elhag & Boussabaine, 1998) 

 
RESEARCH METHODOLOGY 
The application of the Delphi study in this research is to poll a group of experts 

to reach a group consensus regarding the attributes of Big Data Analytics in 

building cost estimation. The Delphi study was conducted in June 2023 in the 

Faculty of Built Environment, University of Malaya and mainly includes two 

rounds: ranking the different attributes from the literature review by 

questionnaire; validating the result of the attribute set of the building by focus 

group discussion. The 14 experts of the Delphi study are shown in Table 2. 

 
Table 2: Expert panel list of the Delphi method 

Experts Age Gender Position Working Experience  

A1 33 Male Construction data technical staff  7 years (Enterprise) 

A2 41 Female Construction data technical staff 16 years (Enterprise) 

A3 32 Male Construction data technical staff 5 years (Enterprise) 

A4 38 Male Academia in quantity surveying 8 years (Institute) 

A5 31 Female Academia in quantity surveying 7 years (Institute) 

A6 42 Male Academia in quantity surveying 8 years (Institute) 

A7 36 Female Academia in quantity surveying 5 years (Institute) 

A8 35 Female Academia in quantity surveying 4 years (Institute) 

A9 44 Male Manager of Building Cost Services 8 years (Enterprise) 
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Experts Age Gender Position Working Experience  

A10 51 Male Manager of Building Cost Services 12 years (Enterprise) 

A11 38 Female Manager of Building Cost Services 7 years (Enterprise) 

A12 36 Female Cost engineer  5 years (Enterprise) 

A13 47 Male Cost engineer 12 years (Enterprise) 

A14 44 Male Cost engineer 8 years (Enterprise) 

 

Round 1: Ranking the different attributes 
The first round of the Delphi Study is conducted using Questionnaire Survey, 

selected panel experts will be asked to evaluate the attributes compiled from the 

literature review according to the suitability of the attributes to be used for 

building cost estimation. The Likert scale in the first round of the Delphi Study 

ranges from Unsuitable to Highly Suitable as shown in Table 3. Subsequently, 

the data from the questionnaire will be regularised and averages calculated to 

determine the suitability of the attributes for use in construction cost estimation. 

 
Table 3: Likert Scale used in the First Round of the Delphi Study 

Score 1 2 3 4 5 

Measure 
Not 

Suitable 

Less 

Suitable 

Moderately 

Suitable 

Fairly 

Suitable 

Highly 

Suitable 

 

Round 2: Validating the result of the attribute set of the building 

In round 2 of the Delphi Study Method, the validation of the attributes is made 

through focus group sessions. A focus group is also known as a group interview 

which is moderated and the outcome of this interview will be studied. Participants 

commented on the results of the attribute set of building obtained in the previous 

round based on their own research and work experience and ultimately voted to 

approve or disapprove of the output finding after deliberation. 

 

RESULT AND DISCUSSION 
Ranked attributes according to the suitability 

From the data collection and data analysis, the attributes have been ranked 

according to the panel experts' votes using the Likert scale. The score for each 

attribute is obtained by averaging the scores of the 14 experts. According to the 

ranked version of the attributes, this research concluded that the highest-ranking 

attributes are in the categories of Project Strategic, Design Strategic, Area Related 

and Ratio related. Whereas some of the lowest ranked attributes are in the 

categories of Household related and Parties Involved. Table 4 lists the attributes 

with mean points of more than 4.500 and subsequently voted as the most suitable 

sets of attributes. 
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Table 4: Attributes with the Highest Ranking 

No. Attributes Categories Mean 

1 Duration V1 

4.833 

2 Quality of Project Information V1 

3 Design Complexity V6 

4 
Type of Ground Plan (e.g., open space/ 

compartmentalised) 
V6 

5 Concrete V7 

6 Gross Floor Area V8 

7 Wall to Floor Ratio V9 

8 Building to Plan Ratio V9 

9 Total Area V8 

4.667 

10 Typical Floor Area to GFA Area ratio V9 

11 Footprint Area to Total Area ratio V9 

12 Floor Area to Total Area ratio V9 

13 Floor Area Ratio V9 

14 Functional Area V8 

15 Area Per Unit V8 

16 Number of Similar Constructed Buildings V6 

17 Estimating Method V1 

18 Tendering Strategy V1 

4.500 

19 Consultant Level of Construction Sophistication V2 

20 Contractor Financial Management V2 

21 Contractor Experience with similar project V2 

22 Contractor Key's Personnel Management Ability V2 

23 Site Condition (including ground condition) V3 

24 Location (including location index) V3 

25 Gross External Floor Area V8 

26 Lot Area V8 

27 Soil Type V3 

28 Steel Bar V7 

29 Market Status V11 

30 Economic Instability V11 

31 Weather condition V11 

32 Location of the core (e.g., central, peripheral) V3 

33 Ground Floor Area V8 

34 Ground Area V8 

35 Number of Units V6 

36 Number of floors V6 

37 Height V6 

38 Roof Finishes V5 

39 Wall Finishes V5 

40 Floor Finishes V5 

41 Ceiling Finishes V5 
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No. Attributes Categories Mean 

42 Type of Tiling V5 

43 Floor Type V5 

44 Ceiling Finishes V5 

45 Walls Finishes V5 

 

Therefore, the attributes listed in Table 4, should be taken into account 

when developing a building cost estimation model. However, the specific rank of 

each attribute may depend on the purpose and objective of the constructed 

building. Each building project has unique elements and characteristics to it. 

Meanwhile, the procedure of selecting the right attributes, whereby the scope of 

the project must be determined first. 

  

Validated attribute set of building  

Round 2 of the Delphi study first invited 14 experts to comment on the result of 

the ranking evaluation, together voting on whether the attribute list is sufficient 

and precise. According to the Pie Chart in Figure 2, 10 out of 14 agreed on the 

listed attributes and categorized attributes. However, 4 out of 10 suggest an 

improvisation to the listed attributes. 

 

 
 

Figure 2: Pie Chart illustrates the Acceptability of the Attributes 

 

Most experts keep the approval views on the listed attributes of the 

highest ranking (Table 4). On the other hand, experts A3, A6, A10 and A13 

proposed that the listed attributes should be improved including revision and 

supplements.  

 

Supplements 

 

 Expert A3: suggested including Data Volume as one of the attributes to be 

considered in this research where the data includes all the V5 of Big Data, 

which is the Volume, Variety, Velocity, Veracity and Value. Other than that, 

Agree
71%

Need 
improvement

29%

Agree Need improvement
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Expert A3 also suggested including the type of financing of the project such 

as government initiative or private funding. Besides that, Expert A6 also 

suggested Implications of Innovation and Technology such as BIM, Digital 

fabrication and automation, robotics, etc. 

 

 Expert A6: suggested Contingency cost as one of the attributes to be 

included in the sets of attributes. 

 

Revision 

 

 Expert A10: suggested simplifying the attributes that are quite similar to 

each other. For Example, attributes like Level of Design Complexity and 

Shape Complexity can be integrated into a single attribute as a ‘Design 

Complexity’. Another suggestion that the Panel Expert made is the 

integration between the Building Area to be Gross Floor Area, as the 

meaning of the two attributes is quite similar. Therefore, with this 

suggestion, we need to take into consideration any attributes that might have 

a similar meaning and can be integrated together as 1 attribute. 

 

 Expert A13: suggested ranking the categories instead of each of the 

attributes. For example, if the Design-related attributes are mostly ranked 

at the top, then the categories of the attributes as a whole are put at the very 

top and thus accordingly. However, the attributes are not equally 

distributed, and this method may need another round of the Delphi method, 

which may take a longer time to reach out to each of the Panel Experts, 

therefore, this might be done in further research. 

 

Therefore, taking into account the second round of the Delphi study in 

coming up with the standard sets of attributes, whereby focus group discussion is 

conducted to validate the findings. Figure 3 finalises sets of attributes that can be 

utilised in developing a cost estimation model of machine learning. 

To summarize the above findings, 68 finalised attributes have been 

formed as the standard sets of attributes for developing a building cost estimation 

model by machine learning algorithm. However, the listed attributes could also 

be revised based on the specific project’s condition, relevant cost estimation 

researchers can refer to this attribute set to complete the step of the Business 

Understanding regarding the CRISP-DM model when establishing a machine 

learning model. 
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CONCLUSION 
Current cost estimation techniques (e.g., traditional and probabilistic methods) 

can not satisfy the requirement of the construction industry due to the need for a 

more accurate result, more and more scholars gradually focus on the usage of 

machine learning techniques to develop innovative cost estimation models. 

Importantly the attribute set of building data is the basis of subsequent research 

regarding the CRISP-DM model, so this research aims to clarify the attribute set 

of building data by using Delphi methods with 2 rounds. By questionnaire 

surveying and focus group discussion of the Delphi study period, the final 68 

ranked attributes were determined and formulated to the attribute set of building 

data. The findings of this research are beneficial to improve the accuracy of 

estimation by providing the essence of developing a building cost estimation of 

machine learning because the domain researcher can refer to these listed 

attributes to determine the layer structure of a new model.  
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Abstract 

 

As a result of the outbreak of COVID-19 in mainland China, the governments 

expedite the legislation of the Wildlife Protection Law (WPL) by proposing a 

comprehensive prohibition on wildlife eating and trading in the latest WPL due 

to the potential association between the outbreak and wildlife. However, the 

prohibition could affect the current social-economic system, leading to a void of 

legislation due to the disobedience of laws in society. Public readiness toward the 

law has a strong relationship with expected obedience to it. Therefore, the 

objectives of this study are to assess the two components of the readiness 

knowledge about the law and the readiness toward the actions potentially 

contradicting the latest WPL. Another objective is to collect participants' opinions 

and reasons on whether they think the latest WPL is difficult to enforce. By 

selecting the epicenter Wuhan as a study site, voluntary response sampling was 

used to distribute the questionnaire online. The data obtained from 410 

respondents show that the citizens in Wuhan have average knowledge about the 

latest WPL but are unaware of the definition of wildlife. Based on the Mann-

Whitney test, the study found no significance between gender and knowledge, 

but it exists in all other comparisons. Moreover, the significance only exists 

between readiness scale and age groups. The difficulty in enforcing the latest 

WPL underlines the problems in enforcement, awareness, demand, and society 

aspect, while on the opposite, respondents highlight the lesson from the pandemic 

and belief in the governments. In conclusion, citizens in Wuhan show a medium 

readiness toward the latest WPL, which is vital to design optimal legislation.  

 

Keywords: Wildlife Protection Law, Wildlife Trade, Knowledge, Readiness, 

Enforcement, Awareness
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INTRODUCTION 

Since the end of 2019, a mysterious pneumonia that sparked a dozen cases of 

infection in a very low profile in the central part of China, Wuhan, has been 

rapidly out of control and spread throughout the world at an unimaginable 

transmission speed (Baharuddin & Zuhairi, 2021; Huang et al., 2020). 

Furthermore, With the high capability to transmit from human to human, the virus 

now has a notorious name: COVID-19, which caused the total confirmed 

infection cases of more than 71 million and death tolls of 1,601,088 in aggregate 

globally as of December 12, 2020 (Worldometer, 2020). Apart from the readiness 

of professionals and scholars about the Wildlife Protection Law (WPL) among 

society, ordinary citizens from all walks of life, constitute the largest part of 

recipients of the law. Their readiness toward the law acts as an extent to which 

the law and relevant enforcement have an optic effect on society (Li, 2007).  

Wuhan is an important transportation hub and one of the largest cities 

in central China. It is a very wealthy city that contributes prominently to China’s 

GDP. The city’s medical resources, including the number of hospital beds and 

specialized hospitals, are very rich. However, even such a not weak medical and 

health system was still overwhelmed when the epidemic hit and was on the verge 

of collapse (Siwen, 2020).   

As the center of the pandemic, the Huanan Seafood Wholesale Market 

of Wuhan drew the attention of the world and put the illegal wildlife trade under 

the spotlight. Almost all of the wildlife trade in the market served as raw materials 

in human's kitchen, including bat, which has been identified as the potential host 

of COVID-19 (Peng et al., 2020; Zhou et al., 2020), snake, and some very 

precious wild animals, such as pangolin, which is also on the suspect list of 

intermediate hosts of coronavirus (Zhang et al., 2020). 

Before the modern concept of wildlife protection was brought to China 

from overseas, the traditional belief held by Chinese people widely was that 

wildlife is a major source of food and medicine (Zhang et al., 2008). Until the 

early 1980s, hunting activity was legally permitted in China due to the desperate 

demand for foreign currency of the government in the impoverished period when 

the whole nation was suffering from overwhelming social unrest (the Cultural 

Revolution) and the breakdown of domestic economic production. Admittedly, 

the government earned millions of dollars in replacement of biodiversity. For 

example, Qinghai province opened the gate for foreign hunters to enjoy the 

natural reserve game in 1987, and the population of musk deer plunged from 

about 3 million in the 1950s to less than 1 million within 30 years under the flag 

of legal hunting for the valuable musk (CWE, 1989). Since the first edition of the 

Wildlife Preservation Law issued in 1989 came into force, such rampant hunting 

was officially banned by the Chinese government, but the effectiveness of the law 

for protecting wildlife is always doubted by the public.  
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Therefore, the study objective is: 1) to assess the citizens' knowledge 

level about the implementation of the latest WPL and the basic legal system of 

the People's Republic of China, 2) to nalayye the reasons given by respondents 

about the enforcement of the latest WPL, and 3) to assess the level of readiness 

among the people for the anticipated implementation of important legislation.  

 

LITERATURE REVIEW 
About 80 studies were chosen out of hundreds throughout the systematic 

literature review. The literature ranges from qualitative studies of legislative 

analysis and epidemy records to quantitative studies of environmental awareness 

or animal protection attitudes. Qualitative studies were used to identify the 

progression of the WPL in mainland China and the significant change in mainland 

China's society and economics, while quantitative studies highlighting the 

relationship between environmental law and environmental awareness, attitude, 

and knowledge, especially in the wildlife protection sector, were compared to the 

current study in the data analysis section. 

A report from the administrative department that found 17,000 

Himalayan ibex skins and 1,100 kg of shahtoosh in the first decade after WPL 

was published. This figure shamed the WPL and questioned its legitimacy and 

efficacy. The law punishes and imprisons violators, but WPL's principles of 

"breeding, domestication, and utilization" and "equivocation of law" in 

legislation limit its utility. For 30 years, Chinese academics, biologists, and 

environmentalists have demanded WPL modification. McBeath (2006) noted that 

many legislative council members lack the biological and ecological expertise to 

implement scientific WPLs. After three years of study and consultation on the 

first revised WPL, the Chinese government suggested the second edition in 2016. 

Public readiness was crucial to this amazing success in China's legislative history, 

notwithstanding a few intractable issues like tiger and bear farm permits (Li, 

2007).  

Moreover, 70% of Chinese respondents believed pangolin pieces may 

treat skin and wound problems (Wildaid, 2019). However, pangolins are not as 

medically useful as people think. In his "Bencao Gangmu" (Compendium of 

Materia Medica), Ming dynasty sage Li Shizhen warned that eating pangolin 

could cause persistent diarrhea. This compilation also advises against eating wild 

animals like bats, snakes, and boars, which are still a secret recipe in many 

Chinese kitchens but are thought to spread infectious diseases like the current 

COVID-19 pandemic (A. et al., 2011; Rosni & Zainol, 2022). Chinese people 

have strong convictions because their forefathers condone wild animal medicine. 

The Chinese government bans all illegal wildlife trade in the country 

and corrects the anachronistic habit of Chinese people eating wild animals in 

response to public demand for wildlife trade control measures. In February, the 

National People's Congress produced a file (The Decision) to reflect the 
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government's decision (National People’s Congress, 2020). The file urges all 

societal groups to participate in education, campaign, and guidance to improve 

citizens' readiness to protect ecosystems and enforce the WPL. Except for actual 

punishment of illegal hunting and trafficking, law enforcement depends on public 

readiness (Copper, 2007). 
 

RESEARCH METHODOLOGY 
Wuhan is located in the center of China's hinterland, in the eastern part of Hubei 

Province, at the intersection of the Yangtze River and the Han River. It is a 

national historical and cultural city, the central city and the only sub-provincial 

city in central China, and an important industrial base, science and education base 

and comprehensive transportation in the country， is also the capital of Hubei 

Province. The geographical location is 113°41′～115°05′ east longitude and 

29°58′～31°22′ north latitude. The city's land area is 8569.15 square kilometers. 

The construction area is 885.11 square kilometers. At the end of 2021, the city’s 

permanent population was 13.6489 million (WuHan.China, 2022). According to 

the data from the Statistic Bureau of Wuhan (2019), 11.2 million population lives 

in the city.  

 

 
Figure 1: The map of Wuhan 

 

To determine the total sample size of the population in Wuhan, the 

formula for calculating the sample size devised by (Krejcie & Morgan, 1970) was 
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applied for the determination of the amount of questionnaire that was allocated. 

To ensure an adequate sample size in Wuhan, 450 questionnaires were 

distributed, exceeding the minimum requirement of 385 respondents. An 

additional 65 sets were allocated to account for potential invalid or non-

responsive responses.  

The study comprises four sections. The first section collected 

demographic information, including gender, age, hukou (a government-issued 

sheet indicating legal domicile), education, and employment. The second section 

assessed knowledge about the Wildlife Protection Law (WPL) and related topics 

through eight objective questions. These questions covered legislative processes, 

WPL implementation, amendments, and the definition of wildlife. The third 

section examined respondents' attitudes and readiness towards the latest WPL 

contents with six Likert-scale questions. The final section featured an open-ended 

qualitative question to gather subjective opinions on challenges related to law 

execution in China.  

 

Validity and Reliability of the Research Instrument 

Validity  

The questionnaire used for data collection was subjected to several stages of 

validation and reliability check. At the outset of data collection, the draft was sent 

to five validators based on their expertise either in legal system or sociology 

contributed for quality checking. Based on the respective expertise either in the 

legal system or sociology, validators contributed a few suggestions in terms of 

the specific term-using, the appropriate sequence of questions, and even the 

alternative customary word-using in mainland China, which otherwise could have 

evoked confusion on the question. 

 

Reliability 

A pilot study can be defined as a “small study” to test research protocols, data 

collection instruments, and other research techniques in preparation for a larger 

study to reveal the internal consistency of the project (Hassan et al., 2006). A 

pilot study with 75 participants was conducted prior to formal data collection, and 

the participants were more than the reasonable minimum of 30 respondents from 

the population (Johanson & Brooks, 2010). Cronbach's Alpha test was used to 

check the reliability of Likert-scale questions in Section 3, indicating the 

acceptable quality for the internal consistency of questions (Alpha = .709). 

 

Data Collection 

Data collection in Wuhan involved random selection of respondents through 

WeChat's platform for voluntary response sampling. Tencent distributed the 

online survey to potential respondents with WeChat accounts through the public 

"Tencent questionnaire" account. Automated target selection matched researcher 
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preferences with WeChat user data. Using a "location preference" screening 

condition, the study ensured that participants were from Wuhan. It was optional 

for respondents to complete the questionnaire. For efficient quantitative data 

collection, the survey primarily employed closed-ended questions, such as Likert 

scales, and multiple-choice questions to assess respondents' knowledge. All data 

collected were kept strictly confidential and used for research purposes only. 

 

Data Analysis 

Quantitative data are made of the value of data in the form of numbers associated 

with the unique value for each of them. The quantifiable data from Likert-scale 

questions and objective questions can be used for mathematical calculations and 

statistics, and the questions on the attitude-revealing part can be made based on 

these mathematical derivations. 

The interval data gained from Section 2 are perfectly appropriate to the 

mean-based comparison approaches. However, the ordinal data obtained from 

Section 3, which are composed of a ranking scale from 1 (strongly disagree) to 5 

(strongly agree) about different statements, are used to assess the potential 

readiness of the participants toward a certain influence brought by the latest WPL. 

The responses of this section were transformed into a 5-point Likert scale and 

assigned with numeric values from 1 to 5. The median of each question assessed 

readiness for the newest Wildlife Protection Law through quantitative data 

analysis. Cross-tabulation in Excel and SPSS revealed variable correlations. 

Sequencing variables by scale (ordinal, nominal, interval) was crucial before data 

entry. Mean, percentage, and frequency were utilized to process data. In Section 

2's knowledge scale, Mann-Whitney U-test and Kruskal-Wallis H-test were used 

to assess factors' effects on characteristics. When data were not regularly 

distributed, except interval data scales, non-parametric tests were utilized. 

 

ANALYSIS AND DISCUSSION 
Demographic Information 

About 59.3% of the respondents are male, and the rest are female. As for the age 

distribution among the respondents, 19.5% of the respondents aged between 26 

and 40 years old, and 78.3% of the respondents are in the range of 18–25 years 

old. With regard to education, over 90% of the respondents graduated from 

university or above. Among that, people with bachelor's degree covered the 

largest portion, up to 54.1%, compared to those with college diploma (27.3%), 

which is relatively lower than the bachelor's degree in China's education system, 

though both are generally called “university students”. The master's degree 

holders comprised 9.8% of the total respondents, and PhD holders contributed to 

the lowest share with only 1.7%. Meanwhile, others (below college diploma) 

accounted for 7.1% of those educational survey. 
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The Chinese government categorizes its citizens roughly into two 

groups: one is urban, while another is non-urban. This sorting method has been 

widely known as hukou, which defines the holders of hukou based on their 

address or the place where they were born in order to restrict the migration of the 

population and to allocate resources more effectively and wisely (official 

declaration). The study did not find a significant difference between the 

percentage of both groups (urban (54.4%) versus non-urban (45.1%)). Most of 

the respondents (56.8%) are students in campus, which explains the reason for 

the majority (42.2%) of the respondents who have yet to receive any income. 

Subsequently, 26.7% of the respondents worked at private or foreign companies, 

while 17.1% are employed in the state-owned or government-owned sector, or as 

civil servants. Except for those without income, 32% made yearly earning less 

than 60,000 yuan (8,919 dollars). 16.1% of the respondents have income in the 

range of 60,000–99,999 (14,865 dollars), while only 10% of the respondents 

received more than 100,000 yuan annually. 

 

Knowledge of Regulatory Protection of Wildlife 

More than half (51%) of the respondents answered that they seldom heard The 

Decision despite the frequent media reports about The Decision and the unique 

epicenter where the respondents are living, whereas the rest (49%) acknowledged 

that they had heard The Decision frequently. Only two-fifths of the respondents 

expressed their concern about the latest term of forbidding wildlife-dinning, 

which is expected to be the crucial topic of the revised WPL. Other options, 

including a complete prohibition on trading, hunting, and breeding wildlife, 

though sound legit, are neither priority of the revised WPL nor any actual 

prescription according to the current articles of WPL, and 17.7% answered that 

they did not know about the central point of the revised law.  

However, this finding shows that a lot of Chinese people are apathetic 

about the new rule and do not want to learn about it or study the article that they 

are supposed to enforce. It shows that the main concept of law has always been 

much more peripheral in Chinese mentality than in Western countries, with most 

Chinese individuals' mindset regarding any social problem being lawless (Harris, 

2014). 

Only a small portion of the respondents answered the question “which 

branch is in charge of legislation regarding WPL” correctly (12.7%). More than 

half of the respondents chose the answer “I do not know” (55.1%), and the rest 

selected the wrong answers. In addition, there is almost a doubled correct rate 

(21%) in the question “which branch is in charge of enforcement regarding 

WPL”, yet the option “I do not know” still occupied the majority of responses 

(53.9%). 

Slightly more than one-third of the respondents selected the right 

answer to the question intended to know people's basic knowledge about the 
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definition of wildlife in terms of the WPL. Interestingly enough, for the wild 

animal options which were purposely manipulated with the terms “captive 

breeding”, only a little fraction of the respondents chose these options (4.4% and 

3.4%, respectively), while for the animal without the terms, almost half (49.3%) 

of the respondents thought it is categorized as wildlife. However, given the 

definition of the WPL, wildlife means the animals live and thrive in the wild 

regardless of captive breeding. Likewise, 31.2% of the respondents answered 

correctly to the question of the justification of the wildlife-eating action, and the 

rest chose wrongly due to restricted comprehension of the definition of wildlife. 

For the definition of “national protected wildlife”, 46.8% of the respondents 

selected the right answer, which is the highest proportion among all questions 

regarding knowledge about the WPL. Finally, the last question in this section also 

shows that most of the respondents (30.7%) knew what sort of action is illegal, 

higher than the percentage of the other four options. The items on knowledge can 

be further classified into provisions and access related to the WPL, basic 

knowledge of legislative work, and the definitions of WPL. 

 

Association of Sociodemographic Factors with Knowledge 

A Mann-Whitney test was conducted to compare the knowledge level of the male 

and female respondents. There was no significant difference in scores for the male 

and female respondents (U = 20881.5, p = .606). These statistics infer that gender 

does not have an effect on the level of knowledge about the WPL. In contrast, 

there was a significant difference in scores for the respondents from urban and 

non-urban areas (U = 17,765.0, p = .013. These data suggest that hukou 

(birthplace) has an obvious effect on the level of knowledge about the WPL. 

Given the responses from the question “whether you have heard “The Decision” 

or not”, these data also demonstrated a significant difference in scores for those 

answering “always” and those stating “seldom” (U = 18,634.5, p = .042), which 

implies that the level of knowledge depends on the extent to which people tend 

to concern about “The Decision”. Kruskal-Wallis H-test between subjects was 

conducted to identify the effect of age on the level of knowledge of the WPL. 

Four categories (1: 18–25, 2: 26–40, 3: 41–60, and 4: above 60) were used to sort 

all respondents according to their age. In the test, p <.05 for the four age 

categories (χ2(3) = 13.004, p = .005), with a mean rank knowledge score of 197.2 

for 18–25, 240.46 for 26–40, 227.19 for 41–60, and 49 for above 60. There is a 

statistically significant effect of age on the level of knowledge. Based on these 

findings, a hint of similarity was identified with a study that found a significant 

difference that only arose from half of all age categories with the knowledge of 

pangolin protection (Ariffin & Nan, 2018). Another Kruskal-Wallis H-test was 

conducted to examine the effect of employment on the knowledge of the WPL. 

The respondents' employment was classified into four categories: Category 1) 

college students; Category 2) civil servants; Category 3) employment in the state-
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owned sector, and Category 4) employment in the private sector. There is a 

statistically significant difference between employment and level of knowledge, 

as proven by the test (χ2(3) = 9.685, p = 0.021), with a mean rank knowledge 

score of 194.02 for college students, 194.46 for civil servants, 252.20 for the 

state-owned sector, and 221.53 for the private sector. Likewise, in the educational 

background, the Kruskal-Wallis H-test also shows the significance with 

knowledge level (χ2(4) = 10.331, p = 0.035), with a mean rank knowledge score 

of 187.53 for college diploma, 214.95 for bachelor's degree, 234.05 for master's 

degree, 199.14 for PhD, and 164.72 for others. 

Although knowledge and understanding of environmental law always 

play a vital role in people's attitude and acceptance toward the law, the execution 

and public compliance with the law are also indispensable in wildlife protection. 

In the wake of the relationship between gender and knowledge level on the WPL, 

this study discovered no significant disparity between male and female 

respondents. However, previous research found that female respondents illustrate 

stronger concern about environmental affairs (Czech et al., 2001). 

With regard to the hukou (birthplace), a study also found a significant 

difference between non-residents and residents in the wildlife conservation zone 

(Guzman et al., 2020). This research reinforces the argument that people who live 

in conservation zones adjacent to a wide variety of wildlife do not necessarily 

have higher awareness or knowledge level than those living far away from those 

zones. People's willingness to access the latest information on regulation also 

affects their knowledge level, and the question “have you heard of The Decision” 

cannot be waived by the explanation of the problem in accessing the information 

when the respondents have handphone to answer the questionnaire. In addition, 

this study also found a significant disparity between age groups and employment 

groups. Interestingly, the current study shows that civil servants who have the 

strongest bond to the government do not have a significant difference in the level 

of knowledge about the WPL from other employments. 
 

Readiness on Compliance with Proposed Provisions 

Compliance is hard to achieve if the new law proscribes customary activities a 

lot. Traditional Chinese medication, which comprises a lot of animal-related 

prescriptions, is broadly recognized as a competent alternative to contemporary 

medical science in the Chinese community. Additionally, several types of animals 

always appear in Chinese recipes, such as bear's paw and stewed snake, which 

are also thought of as good health supplement. The major content of The Decision 

is to enforce comprehensive prohibition on animal-eating, thus is undoubtedly 

against the traditional medicine or bizarre food for gourmands using animals or 

their parts. A certain degree of disturbance in society is expected to be in place 

by promoting The Decision. Nonetheless, a lack of public compliance and 

readiness will surely make the rules impractical (Keane et al., 2008). The extent 
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to which people are ready to comply with the latest WPL affects its enforcement. 

In the current study, the respondents were asked about their readiness to obey the 

proposed WPL by rating the scale from 1 to 5 on how much they agree with the 

statements given. 

 
Table 1: Readiness scale 

Statements Median 

I am very confident in the transparency of the enforcement against illegal activities. 4.00 

I can refrain from any purchase of commodity made up of wildlife. 5.00 

I do not believe in the special medical value of products made up of wildlife. 3.00 

I do not believe in the unique nourishment of food made up of wildlife. 3.00 

I can totally refrain from consuming any kind of wildlife for food. 5.00 

I am aware of the potential impacts of the new law on my life very well. 3.00 
 

Where 1 is the most negative scale (strongly disagree) and 5 is the most 

positive scale (strongly agree). Thus, the higher the mean score, the more the 

respondents are ready to embrace the proposed WPL. In Table 1, the results show 

that the respondents are ready to obey the law regarding provisions against 

purchasing commodities made up of wildlife or its parts and consuming wildlife 

for food, while for the potential impact brought by the law, it attains the lowest 

score with only 3, meaning that they actually do not know how the proposed WPL 

will change their life. The results of the medical value and nourishment of wildlife 

are in the lowest scale 3 (neutral), indicating that the respondents also have a 

vague realization about the utilization of wildlife. The transparency of 

enforcement against illegal activities achieved a score of 4, higher than the neutral 

scale and almost achieving the agreed scale. Above all, despite the roughly 

neutral attitude toward some aspects of the law, the respondents overall show 

positive readiness to the proposed WPL. 

 

Readiness in Sociodemographic Factors 

To compare readiness toward compliance with the proposed WPL, Mann-

Whitney U-test was performed to identify the difference between gender. There 

was no significant difference in the scores for males and females (U = 18,369.0, 

p = .102), suggesting that gender does not have a significant effect on the 

readiness toward the new law's enforcement. Likewise, in another statistic of the 

sample, the test was run to detect disparity between hukou, and no significant 

difference was observed among the respondents born in urban and non-urban 

areas (U = 19,063.0, p = .186). Finally, for the question “have you heard about 

The Decision”, the t-test shows a significant difference between those who have 

heard a lot and those who chose “hardly heard about that” with U = 15,186.5, p 

= .00. These results indicate that the motivation to follow law-related news has 

an effect on the readiness toward the new legislation. 

The Kruskal-Wallis H-test was used to compare the difference between 

the mean of collections. Firstly, for age and readiness, four identical age 
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categories with the one used in the knowledge section were compared with the 

scales. The results show a significant difference among the ages (χ2(3) = 9.422, 

p = .024), with a mean rank readiness scale of 198.56 for 18–25, 231.24 for 26–

40, 260.63 for 41–60, and 66.25 for above 60. Next, it was also applied to 

compare the effect of employment on the respondents' readiness toward the new 

law. However, the results of χ2(3) = 5.055, p = .171 with a mean rank readiness 

scale of 197.83 for college students, 196.61 for civil servants, 243.68 for the state-

owned sector, and 214.81 for the private sector do not show any significant 

difference on the four categories. Finally, the difference between the respondents' 

educational background and their readiness is worth to be examined. Nonetheless, 

the results also show no significant difference between educational background 

and readiness for the five categories (college, bachelor, master, PhD, and others); 

χ2(4) = 1.600, p = .809, with a mean rank readiness scale of 205.22 for college 

students, 209.14 for bachelor's degree, 204.60 for master's degree, 163.29 for 

PhD, and 190.10 for others. 

Overall, this study found that the respondents are roughly ready for the 

enforcement of the proposed WPL with the mean slightly below or higher than 

the neutral position to the contents of the law. Among those sociodemographic 

factors, age is the only one with a significant effect on the respondents' readiness 

toward the enforcement of the new law. In addition, the motivation to know about 

the new law is another factor affecting respondents' readiness toward the new 

law. However, by comparing the questions in the knowledge section and in the 

readiness section, it was found that the respondents who rated 4 and 5 in 

“completing refusing wildlife-eating” (101 respondents agreed and 256 

respondents strongly agreed) stated that they can stay away from eating wildlife, 

and only 37 and 70 respondents chose the right answer in the question asking to 

differentiate the action of eating wildlife, respectively. Likewise, by comparing 

the scale statement of “completely refusing purchase of wildlife product” and the 

question asking to differentiate the type of wildlife, the result shows that for those 

selecting 4 and 5, only 35 out of 105 and 104 out of 269 respondents chose the 

right answer, respectively. Both findings imply that respondents with a high level 

of readiness toward the enforcement of the proposed WPL do not necessarily 

have enough knowledge about the law. 

 

Reasons from the Respondents about the Enforcement of the Latest WPL 

This section is set up to explicate reasons given by the respondents why they think 

the proposed WPL is difficult or easy to comply with, and whether the proposed 

WPL is difficult to execute or not. From the results, 14 respondents answered, “I 

do not know”, “I am not clear”, and “Wu” (no opinion), and thus were excluded 

from qualitative coding. Meanwhile, 124 respondents left clear text with a 

positive view on the compliance and enforcement of the proposed WPL, whereas 

most of the respondents (272) expressed worries and concerns about the new law. 
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By following certain steps, similar words and phrases were extracted from the 

answers and were used to constitute themes. Theoretical constructs, such as 

Enforcement and Awareness, were then concluded from similar themes before 

the final theoretical narratives were carried out (I and II) (Auerbach & Silverstein, 

2003). 

 
Table 2: Repeating reasons for the enforcement of the latest WPL 

I Think the Latest WPL is Difficult to 

Enforce 

I Think the Latest WPL is not 

Difficult to Enforce 

Lack of resources, transparency, and penalty 

affect the enforcement of the new law.  

The new law is hard to enforce in all corners of 

China due to its massive population and land. 

Illegal wildlife trade in black markets is always 

hidden from official’s view. 

People's awareness of wildlife 

protection is rising after the 

pandemic. 

People will stop eating wildlife 

because of the realization of the 

harm. 

The government will impose stricter 

enforcement after the pandemic. 

People do not acquire an awareness of wildlife 

protection yet.  

Every single person has different awareness of 

law and wildlife protection. 

The government will enforce the law 

completely in each case. 

People will comply with the law 

closely in each case.  

There must be a corresponding supply due to 

the huge demand for wildlife products. 

Substantial profit of illegal wildlife trade 

makes people risk attempting to commit 

crimes. 

 

People still possess the inveterate habit of 

eating animals even after the pandemic. 

Wealthy people are eager to boast about their 

status by consuming wildlife products. 

 

 

In Table 2, two types of theoretical narratives are the law is difficult to 

enforce and the law is not difficult to enforce, which are extracted from the 

reasons given by the respondents: Shi (the enforcement will meet difficulties) and 

Fou (the enforcement will not meet difficulties). The keywords in the responses 

constitute the theoretical constructs, for example, Zhi fa li du (enforcement), Ren 

ming yi shi (awareness), and Mei you mai mai jiu mei you sha hai (no trades no 

kills, demand), where these repeating ideas brought up different themes. A review 

of the data also found that those who think there are difficulties in enforcing the 

new law tended to give detailed reasons, while those who think there is no 

difficulty were likely to give only Fou without giving any specific reasons. 

Based on the main reasons obtained from raw responses, the 

participants mentioned a wider variety of reasons about the difficulty in 

enforcement of the latest WPL than the reasons about no difficulty in 
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enforcement. In the enforcement part, the participants are concerned about the 

problem hidden in the transparency and weaknesses of the current enforcement 

of the WPL. Formerly, wildlife was regarded as a natural resource decades ago, 

serving the purpose of utilization by humans due to the unique demand for 

wildlife. Thus, it is not strange that the WPL contains provisions compromising 

its enforcement per se because the concept of utilizing wildlife has been rooted 

in their mind. Consequently, in the demand part, the respondents have a 

pessimistic attitude toward the expected enforcement of the latest WPL. If the 

demand exists in the market, the supply shall arise from anywhere regardless of 

the legality, and the hardened illegal trade of wildlife is normally concealed from 

supervision and public view. In the awareness part, the participants expressed 

varying thoughts of awareness of wildlife protection among individuals, which 

could act as a main reason that holds back the understanding of the law and hinder 

effective enforcement. In the society part, people expressed a similar concern as 

in the awareness part, claiming that the deep-seated habits of Chinese citizens 

contradict the purpose of the latest WPL. 

On the other hand, those respondents who thought that the enforcement 

of the latest WPL is not difficult to achieve did not explain it in detail, and instead, 

most of the answers highlighted the situation of COVID-19 and simple faith in 

the law and the government. Some of them expressed that the tough lesson from 

the pandemic will enhance the people's awareness of protecting wildlife, and the 

government will impose stricter measures against illegal wildlife trade and 

govern people's behavior.  

 

CONCLUSION 
Legislation plays a vital law in protecting wildlife and human health in China. 

The scheduled WPL is about to compose unprecedented prohibitions on wildlife 

eating, and this new law could cause a profound impact on society. Citizens' 

knowledge and readiness toward the law are the indispensable elements the 

lawmakers should consider. However, regular promotion of knowledge of 

wildlife and relevant laws should be conducted periodically in university 

campuses due to the unexpectedly lower level of knowledge about the WPL. In 

addition, in the readiness part, the participants show lower readiness based on the 

neutral scale chosen regarding the special medical value and unique nourishment 

of wildlife. These long-standing beliefs in the specialty of wildlife have become 

an important part of Chinese tradition, which also contribute to inveterate animal-

eating habits among Chinese citizens. The current pandemic could convince a 

part of people to alter their minds, although a complete transformation in the 

realization of citizens needs a long time, waiting for the increase of average 

education level and the formation of a society with rules and laws. 

Finally, the results suggest that both knowledge level and readiness 

among Chinese society toward the new law are at medium levels, giving the 
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government a promising signal on the projected enforcement. Nevertheless, there 

is still a lot of space for the government to improve the feasibility of the law and 

the confidence of citizens in China's legal system. 
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Abstract 

 

The current modal share between private and public transport in Malaysia still 

falls short of its 50:50 goal. The continued reliance on private transport for 

workplace travel faces further aggravation in light of the Covid-19 pandemic. 

Aiming to understand this concern, this study pursued two key objectives; (i) to 

explore shifts in transport mode choices before and after Covid-19; and (ii) to 

identify the significant factors influencing these shifts. This cross-sectional study 

was conducted in Kuala Lumpur, Malaysia, focusing specifically on workplace 

commuting (n=113). The McNemar’s test was used to determine the significance 

of transport mode shifts from public to private transport and vice versa, while the 

Mann-Whitney U test was employed to determine the significance of various 

factors on these shifts. Four primary factors were examined: cost, accessibility, 

comfort, and hygiene concerns. The findings showed that (i) a discernible shift in 

transport modes occurred (Q= 38.72, p>.05), with a notable trend of individuals 

transitioning from public to private transport due to the Covid-19 pandemic; (ii) 

hygiene concerns (mean rank= 72.36, U= 807.0, p<.000) and comfort (mean 

rank= 64.73, U= 1188.5, p= .013) emerged as statistically significant influencers 

of this shift; and (iii) while cost (mean rank= 65.28, U= 1053.5, p= .001) is an 

important determinant of transport mode preferences, it was not found to be a 

significant factor driving mode shifts. A comprehensive examination of 

pandemic-induced transport mode preferences yields crucial insights for shaping 

transportation infrastructure and services, facilitating sustainable development in 

line with UN SDGs. Understanding these influences is vital for effective policy-

making and achieving desired modal shares. 

 

Keywords: Transport Mode Shift, Mode Choice, Modal Share, Modal Split, 

Covid-19  
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INTRODUCTION  
The rate of urbanisation is intrinsically linked to the increase in population 

density per square kilometre (Deuskar, Baker & Mason, 2015). Consequently, 

heightened urban activities often lead to a rise in the demand for vehicular travel 

(Dulac, 2013). The 2018 Revision of the World Urbanization Prospects (United 

Nations, 2019) projected that cities worldwide will host an additional 2.5 billion 

inhabitants by the year 2050. This means that approximately 68% of the global 

population will identify as urbanites by that time. To put things into perspective, 

Southeast Asian nations alone are expected to surpass a total collective urban 

population of approximately 500 million by 2050 (United Nations, 2019), due to 

the consistent upward trajectory in urbanisation rates across the region in recent 

decades.  

As demonstrated by reports indicating stable economic growth in 

middle-income developing Southeast Asian countries such as Malaysia 

(International Monetary Fund, 2018), the persistent shifts in demographic, 

migration and economic characteristics are inevitably influencing the patterns of 

vehicle travel, especially in the context of workplace mobility. Given that 

commuting between one’s residence and workplace is an integral aspect of urban 

living, a deeper understanding of the factors that can encourage increased public 

transport utilisation for this purpose is highly necessitated.  

The transportation infrastructure and service systems in Kuala Lumpur, 

Malaysia are undergoing continuous improvements to benefit its inhabitants 

(Hashim, 2021). Currently, it boasts the most extensive variety of transportation 

modes in comparison to other urban centres in the country, encompassing buses, 

taxis, e-hailing services, monorails, light rail transit, and commuter trains. 

Aligned with Malaysia’s National Transportation Policy 2019 – 2030, increasing 

public transport modal share is one of the key benchmarks for achieving an 

improved transportation system for the country.  

The motivation behind this study stems from the observation that while 

the Ministry of Transport Malaysia (2018) reported a concerning 79% reliance 

on private transport compared to a mere 21% utilisation of public transport prior 

to the onset of Covid-19, there was room for optimism when Bursa Malaysia 

(2020) noted a slow but promising pattern of increase in public transport 

utilisation from 2016 to 2018, as evidenced by daily average ridership figures for 

both rail and bus services. Although public transport utilisation only managed to 

capture a modal share of 21% in 2018 – considerably below the Ministry of 

Transport Malaysia’s anticipated goal of 40% in 2020 – this slow but encouraging 

trend, especially for workplace commuting, faced unforeseen disruption with the 

event of Covid-19.  

On this note, the evolving landscape of the working environment, with 

a notable shift towards remote work arrangements and a higher dependency on 
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technological advancements (Lim, et al., 2022), may further change the travel 

behaviours of urban residents. Conversely, the prevalent reliance on private 

transport, despite the presence of well-established public transport infrastructure 

and services, raises significant concerns among government agencies. As such, it 

becomes imperative to understand the factors that either foster or hinder the 

inclination towards adopting public transportation as the primary mode of urban 

mobility and movement.  

Furthermore, in alignment with the transport-related goals and targets 

outlined in the United Nations’ Sustainable Development Goals (SDGs) of 2015, 

there is a call for countries to enhance urban accessibility through the 

development of sustainable infrastructure. This essentially entails providing 

urban inhabitants with improved transportation services that facilitates physical 

mobility between destinations. The associated SGDs also highlight the need of 

providing transportation infrastructure and services that are not only safe and 

affordable, but also readily accessible to the general populace, with special 

consideration for vulnerable and underserved segments of society, including 

women, children, the disabled, and the elderly.  

To address and gain a better understanding of the aforementioned 

predicament, the study outlined two primary objectives; (i) to investigate whether 

a discernible shift in transport mode preference occurred for commuting to the 

workplace during two distinct time frames, i.e. pre- and post-Covid-19; as well 

as (ii) to examine whether there exists a significant disparity in the perceived 

importance of factors influencing transport mode choice between individuals who 

have undergone a mode shift, both in the pre- and post-Covid-19 periods. The 

study focused on four factors that were found to have significant impacts on an 

individual’s choice of transport mode, namely cost, accessibility, comfort and 

hygiene concerns.  

Cost consistently stands out as a major factor influencing the selection 

of transportation mode. While various studies have demonstrated that individuals 

of different gender, age groups and monthly household incomes may react 

differently to travel costs (Zyed et al., 2014; Mayo & Taboada, 2020), this does 

not negate the fact that financial considerations wield significant influence across 

most socio-demographic characteristics (Outwater et al., 2003). Typically, those 

opting for public transport tend to incur lower expenses compared to those who 

opt for private transport. Moreover, most individuals who opt for public transport 

often exhibit heightened concern and sensitivity towards travel costs (Ismail, et 

al., 2021). Consequently, the reduced cost of public transport becomes an enticing 

factor and a motivator for sustained utilisation (Maia, et al., 2020).  

Accessibility to transport infrastructure and services is deemed a more 

important factor in the decision-making process regarding transport mode choice, 

surpassing the influence of the transport system’s efficacy in providing access to 
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one’s desired destination (Brussel, et al., 2019). Supporting this, Lamanna, et al. 

(2020) found that limiting proximity to transit stops serves as a significant 

deterrent to increased public transport utilisation. Furthermore, the concept of 

ease of access to transportation features prominently among the many goals and 

targets outlined in the United Nations’ SDGs. Studies have shown that heightened 

accessibility to one’s preferred transport mode signifies an optimal level of 

transport equity (Martens, 2021). 

The factor of travel comfort has demonstrated notable influence on 

transport mode choice (Shen, Chen, & Pan, 2016). In alignment with this 

observation, Masoumi (2019) found that individuals tend to lean towards private 

transport over public options, primarily due to the comfort level both modes offer. 

This is further substantiated by studies that highlight the discomfort in transport 

services provision can be a potential barrier to public transport usage, especially 

among the elderly (Lamanna, et al., 2020).  

Hygiene concerns have surged to prominence in the wake of the Covid-

19 pandemic. As articulated by Rankavat, et al (2023), the provision of hygiene 

features and a healthy awareness of hygiene concerns are now regarded as 

integral safety measures within transportation. The author further highlights that 

hygiene concerns emerge as a significant factor deterring individuals from opting 

for public transport, instead favouring private modes. This trend is hardly 

unexpected, given the growing apprehension and concerted precautions to 

mitigate the spread of Covid-19.   

 

MATERIALS AND METHODS 
Study Design 

Employing a quantitative approach, this study aims to discern shifts in travelling 

mode choice before and after the Covid-19 pandemic. It specifically seeks to 

address two key questions: ‘is there a shift in public transportation mode choice 

between the two periods?’ and ‘if so, what factor(s) influenced this shift?’. Kuala 

Lumpur, the capital city of Malaysia, was selected as the study locale due to 

several significant reasons: (i) it boasts the most variety and availability of both 

public and private transportation options and infrastructure compared to other 

regions of Malaysia, (ii) it exhibits the highest population density per square 

kilometre (iii) despite abundant access to public transportation services, there 

remains a strong dependency on private transportation, and (iv) income no longer 

serves as the primary indicator of transportation mode usage.  

The combination of simple random sampling and stratified sampling 

techniques enabled the recruitment of a targeted population in an unbiased 

manner. The eligibility criteria for sampling is threefold, (i) adult Malaysians 

above the age of 18 years old who have resided and worked in Kuala Lumpur for 

a minimum of three years, (ii) able-bodied individuals, and (iii) those who 
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commute to their workplaces. Respondents were stratified based on two criteria: 

race, i.e. Malay, Chinese, Indian and Others, and gender, i.e. Male and Female.  

The required number of respondents per category based on this 

stratification mirrors the demographic distribution of Malaysia in 2022. With a 

90% confidence interval level and considering a population size exceeding 

100,000, the sampling size calculation according to Yamane (1967) required a 

minimum sample size of 100 for the study. Within a span of four months (June 

2022 to September 2022), the study successfully recruited 113 eligible 

respondents who willingly participated in the study. 

The data collection method applied was a face-to-face questionnaire 

survey, encompassing two sections featuring both close-ended and open-ended 

questions. Section A was designed to elicit respondents’ demographic details as 

well as their preferred modes of transportation both before and after Covid-19, 

while Section B focused on assessing their perceptions on the factors influencing 

their post-Covid-19 transport mode choices. The bilingual questionnaires, 

presented in both English and Malay, were produced through a forward 

translation, which were subsequently reviewed by two bilingual experts using the 

conceptual equivalence method as recommended by the World Health 

Organisation Guidelines on Translation Instruments (2020). 

 

Measures 

Transport Mode Choice Pre- and Post Covid-19 

The first objective of the study is to ascertain whether a shift in preferred transport 

mode for commuting to the workplace occurred, hence the measures of preferred 

transport mode choice before and after the Covid-19 pandemic are important 

variables of the study. Data were collected through two close-ended questions, (i) 

“What was your preferred mode of transportation to your workplace prior to the 

occurrence of Covid-19 pandemic?” and (ii) “What is your preferred mode of 

transportation to your workplace following the of Covid-19 pandemic?”. Both 

questions offered respondents a similar range of responses, allowing them to 

choose between public transport options such as Light Rail Transit, Mass Rail 

Transit, KTM Komuter, Monorail, public buses, taxis, and e-hailing services; or 

private transport modes including cars and motorcycles. The collected responses 

were stored as nominal data. 

 

Factors Influencing Transport Mode Choice 

The second objective of the study aims to assess whether there exists a significant 

disparity in the perceived importance of factors influencing transport mode 

choice between individuals who have undergone a mode shift and those who have 

not, both before and after the Covid-19 pandemic. The study incorporates four 

key factors, namely cost, accessibility, comfort and hygienic concerns. These 
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factors were evaluated on an ordinal scale via four close-ended questions where 

respondents were tasked with rating the importance of each factor specifically for 

commuting to the workplace, utilising a 4-point Likert scale where 1: Very not 

important, 2: Not important, 3: Important, and 4: Very important.  

To deepen the understanding of the factors, respondents were also 

tasked with providing responses to six additional questions, each corresponding 

to a specific factor. For cost and hygiene concerns, respondents were prompted 

to rate their perception of their current transportation cost, and the level of 

hygienic measures associated with their current transport mode choice. Both 

questions employed a 4-point Likert scale, ranging from 1: Very low to 4: Very 

high. These responses were treated as ordinal data. 

In addition to the aforementioned close-ended questions, the survey 

also included four open-ended questions. Respondents were prompted to state 

their average monthly transportation cost to their workplace in Ringgit Malaysia 

(RM), the average duration for the round-trip commute from their residences to 

their workplaces in minutes per day, and the distance between their residences 

and workplaces in kilometres (km). They were also encouraged to articulate the 

single most important hygienic feature that should be prioritised in any mode of 

transportation. 

 

Demography 

The study necessitates four key demographic details from respondents. This 

includes their age, gender, race, and average monthly household income in 

Ringgit Malaysia. These information are treated as control variables for the study. 

 

Data Analysis  

The data was recorded and analysed using IBM Statistical Package for Social 

Sciences (SPSS) version 29.0. The dataset was screened for missing values (n= 

113) and unengaged responses.  Four analytical methods were employed to 

conduct data analysis, with results interpreted at a 95% confidence interval level.  

Firstly, descriptive analysis was employed to present the distribution of 

the collected data. Subsequently, the McNemar’s test was applied to assess the 

presence of a significant shift in mode choice for commuting to the workplace 

before and after the Covid-19 pandemic. In order to be able to perform a 

McNemar’s test, the dependent variable of the study must exhibit categorical and 

dichotomous characteristics. The pre- and post-Covid-19 transport mode choice 

data were therefore re-coded based on the occurrence of a transport mode shift. 

Instances where a transport mode shift occurred, in either direction, were re-

coded as 1: Yes. Conversely, If the sample continued to utilise the same mode of 

transport, the individual was re-coded as 2: No. It is worth noting that the data is 

also mutually exclusive, signifying that the same individual who reported their 
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transport mode choice before Covid-19 also provided their transport mode choice 

after Covid-19.  

Thirdly, the study employed the Mann-Whitney U test to assess 

whether the four factors, namely cost, accessibility, comfort, and hygienic 

concerns, significantly influenced the shift in transport mode choice for 

workplace commuters before and after Covid-19. Lastly, as the study also 

collected written responses obtained through four open-ended questions, a 

thematic analysis was employed to identify recurring patterns in the provided 

answers, which were then organised into themes to provide a better understanding 

of the quantitative findings. 

 

RESULTS 
Univariate Analysis 

Demography 

The mean age of the respondents is 25.2 (±5) years. The distribution by gender 

showed a slightly higher percentage of male respondents (52%) over females 

(48%). In terms of race, the respondent demographics mirror that of the broader 

Malaysian population, where 58% are Malay, 21% are Chinese, 20% are Indians 

and 1% are from Other ethnic backgrounds. A significant majority of respondents 

belong to the lower-income bracket, earning an average of less than RM4,850 on 

a monthly basis (72%), while the remaining 28% fall into the medium-income 

category, with earnings between RM4,851 to RM10,970. Notably, none of the 

respondents are from the higher-income level, earning in excess of RM10,971. 

 

Transport Mode Choice Pre- and Post Covid-19 

Examining the transport mode choices during the pre-Covid-19 period reveals 

that 78% of respondents relied on public transportation for their daily commute 

to work, while only 22% opted for private transportation. In contrast, the transport 

mode choice post-Covid-19 exemplified a notable shift, with 61% of respondents 

favouring private transportation over public options (39%). The demographic 

distribution and corresponding transport mode choices before and after Covid-19 

are presented in Table 1. 

 

Factors influencing Transport Mode Choice 

The perceived factors influencing transport mode choice is shown in Table 1. 

Cost is deemed an important factor in the selection of transport mode for 

commuting to the workplace, with 42% considering it very important and 30% 

deeming it important. Conversely, a mere 28% found it not and very not 

important. A large majority of respondents (69%) perceived the cost of their 

chosen transport mode for post-Covid-19 workplace commuting as ranging from 

high to very high. The remaining 31% regarded transportation costs as ranging 
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from low to very low. The analysis of open-ended question revealed that the 

average monthly transportation cost to work is approximately RM280. Notably, 

a large majority of respondents reported transportation costs to the workplace 

below RM400.  

 
Table 1. The distribution of the respondents’ demography and transport mode choice 

during two distinct time periods; pre- and post-Covid-19 (n= 113) 

 
 Overall, 100% 

Age, SD 25.2 (±5) 

Gender, % 

  Male 

  Female 

 

52 

48 

Race, % 

  Malay 

  Chinese 

  Indian 

  Others 

 

58 

21 

20 

1 

Education level, % 

  Without tertiary education 

  With tertiary education 

 

27 

73 

Monthly household income, % 

  ≤ RM4,850 

  RM4,851 – RM10,970 

  ≥ RM10,971 

 

72 

28 

- 

Transport mode choice pre-Covid-19, % 

  Public Transport 

  Private Transport 

 

78 

22 

Transport mode choice post-Covid-19, % 

  Public Transport 

  Private Transport 

 

39 

61 

Transport mode shift, % 

  Public Transport to Private Transport 

  Private Transport to Public Transport 

  Public Transport to Public Transport 

  Private Transport to Private Transport 

 

42 

2 

19 

37 

 

In terms of accessibility, a majority identified it as an important (59%) 

or very important (25%) factor influencing their choice of transport mode for 

commuting to work. The remaining 16% considered the accessibility of their 

chosen transport mode to work as ranging from low to very low. On average, 

respondents reported a daily round-trip travel time of approximately 40 minutes 

between their residences and workplaces, covering an average distance of 

roughly 20 kilometres (one-way). Comfort emerged as a key consideration, with 

51% deeming it important and 38% rating it as a very important factor in their 

choice of transport mode. A minority of 11% reported that comfort was not an 
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important factor in their daily commute choice. Similarly, most also felt the same 

way about the hygiene of their chosen mode of transport, with 58% considering 

it very important and 38% deeming it important. Only a small fraction of 4% 

stated that hygiene was not an important factor during their work travels. When 

asked about the level of hygienic features available or precautions taken around 

their chosen transport mode, the majority of respondents perceived it to range 

from high (57%) to very high (40%). A mere 3% expressed dissatisfaction with 

the level of hygiene maintenance in their chosen mode of transport. 

 

Bivariate Analysis 

Transport Mode Shift Pre- and Post Covid-19 

In order to identify any descriptive shifts in transport mode choice before and 

after Covid-19 for workplace commuting, the dataset was assessed and re-coded 

into 1: Shift from public transport to private transport (PT to PV), 2: Shift from 

private transport to public transport (PV to PT), 3: Remained with private 

transport (PV to PV), and 4: Remained with public transport (PT to PT). The re-

coding revealed that 42% of respondents shifted from public transport to private 

transport. This is closely followed by 37% of respondents who remained using 

private transport for their work commute both pre- and post-Covid-19. Nineteen 

percent maintained their use of public transport during both periods. Lastly, the 

remaining 2% shifted from private to public transport within the same timeframe. 

Next, the study conducted the McNemar’s test to establish the statistical 

significance of the shift in transport mode choice before and after Covid-19 (refer 

Table 2). The null hypothesis posits that there is no significant shift in transport 

mode choice for workplace commuting over the two time periods. The obtained 

Q value is 38.72. As the study employs the 95% confidence interval level, with 

reference to the critical points for chi-square distribution, the value for 0.05 is 

3.84. Given that the value of 38.72 exceeds 3.84, the null hypothesis is rejected. 

This implies that, statistically, there is a significant shift of transport mode choice 

before and after Covid-19, occurring in both directions, i.e. from public to private 

transport and vice versa. 

 

The perceived difference of factors influencing transport mode choice  

The subsequent phase of the analysis aims to discern whether there exists a 

disparity in the perceived importance of factors influencing transport mode 

choice among respondents who have shifted their mode of transport and those 

who have not, both before and after Covid-19 (refer Table 2). To facilitate this, 

the Mann-Whitney U test is conducted with a pre-requisite of data re-coding. The 

transport mode choices of respondents before and after Covid-19 are transformed 

into dichotomous variables, denoted as 1: Shift and 2: No shift. Descriptively, it 

is evident that 56% of respondents maintained their original transport mode 
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choice over the two periods, while the remaining 44% opted to shift their mode 

of transport during the same timeframe. 

For respondents who maintained their transport modes throughout both 

pre- and post-Covid-19 periods, the factor of cost (mean rank= 65.28, U= 1053.5, 

p= .001) emerges as a statistically significant influence on their transport mode 

choice. On the other hand, among respondents who did shift their transport modes 

during these periods, comfort (mean rank= 64.73, U= 1188.5, p= .013) and 

hygiene concerns (mean rank= 72.36, U= 807.0, p<.000) were found to be 

statistically significant factors. Finally, although accessibility (mean rank= 60.10, 

U= 1380.0, p= .200) is more important for those who did not shift their transport 

modes, this output did not reach statistical significance. 

 
Table 2. Distribution of the respondents’ perceived importance of factors influencing 

transport mode choice pre- and post-Covid-19 on a 4-point Likert scale (n= 113) 

 

Factors influencing 

transport mode choice 

Perceived importance of respective factors 

Mean 

rank 

Statistical 

difference 

Very not 

important, 

% 

Not 

important, 

% 

Important, 

% 

Very 

important, 

% 

Mann-

Whitney U 

(p-value) 

Cost, % 

Shift 

No shift 

2 26 

 

30 42  

46.57 

65.28 

 

1053.5**  

(.001) 

Accessibility, % 

Shift 

No shift 

- 16 59 25  

53.10 

60.10 

 

1380.0 

(.200) 

Comfortability, % 

Shift 

No shift 

- 11 51 38  

64.73 

50.87 

 

1188.5 

(.013)** 

Hygiene concerns, % 

Shift 

No shift 

- 4 38 58  

72.36 

44.81 

 

807.0 

(<.000)*** 

*p < 0.05, **p < 0.01, ***p < 0.00 

 

DISCUSSION 
The study began with the objectives of investigating transport mode shifts for 

workplace commuting, both pre- and post-Covid-19, as well as examining the 

perceived importance of factors influencing transport mode choice in these two 

distinct periods. This cross-sectional study, incorporating the four study factors 

of cost, accessibility, comfort, and hygiene, yielded several important insights 

that helped shed light in understanding the predicament. Empirical evidence 

underscores the substantial impact of Covid-19 on the behaviours of transport 

users, specifically for workplace commuting.  
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The significant shift in transport mode choice pre- and post-Covid-19 

is apparent, as individuals predominantly using public transport displayed a 

pattern of shifting and increasing their reliance on private transport after the 

Covid-19 pandemic. This further underscores the pandemic’s disruptive 

influence on modal share. Notably, individuals predominantly using private 

transport pre-Covid-19 largely persisted with this choice post-Covid-19. These 

findings align with prior studies on transport mode shifts (Purwoko & Yola, 

2022) attributed to Covid-19 (Vega-Gonzalo, Gomez & Christidis, 2023).  

Hygiene concerns emerged as the paramount determinant influencing 

an individual’s daily commute choice, understandably so given the critical health 

implications associated with Covid-19. For those who shifted their mode of 

transport during the two timelines of pre-and post-Covid-19, hygiene and comfort 

were identified as pivotal factors. While hygiene and health are regarded as 

important determinants influencing transport mode choice, cost is ranked the 

second most important factor.  

Based on the report published by the Institute of Strategic and 

International Studies, Malaysia (Cheng, 2020), the Covid-19 pandemic exerted 

substantial strain on the Malaysian economy, leading to increased 

unemployment. With the retraction of monthly household income and possible 

disposable income among Malaysian families, this economic impact naturally 

elevated concerns about transportation costs. This explains why cost is a 

significant retaining factor for those who maintained their mode of transport pre- 

and post-Covid-19. In other words, although cost is an important factor in 

influencing mode choice, it was not the primary driver for shifts in transport 

modes both before and after Covid-19, specifically for workplace commuting.  

Understanding the factors that influence transport mode choice and the 

shift in transport mode choice due to a pandemic offers insight to “choice 

behaviours” regarding transportation infrastructure and services (Yang, et al., 

2022). This lays a foundation of shaping the development and advancement of 

sustainable transportation policies (Ghazali, et al., 2021) as outlined by the United 

Nations SDGs goals and targets. 

 

CONCLUSION 
The impact of cost on mode choice remains significant in determining 

transportation usage, yet it does not serve as the primary driver behind the 

observed shifts in transport mode selection during pre- and post-Covid-19, 

particularly for commuting to workplaces. While cost continues to be a crucial 

factor, the transformation in mode preferences can be largely attributed to a 

combination of factors. These include the growing emphasis on health and safety, 

with commuters prioritising modes that offer lower exposure to potential risks, 

such as crowded public transport. Supporting this, the study provides evidence 
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that hygiene concerns and comfort while travelling to workplaces are statistically 

significant in influencing transport mode shift due to the Covid-19 pandemic.  

A limitation of the study is that it does not capture data on the specific 

mode of transportation used for work travel pre- and post-Covid-19. Future 

studies are highly recommended to explore how these factors differ across 

various modes of transportation. Additionally, the rise of remote work 

arrangements has altered traditional commuting patterns, leading to a re-

evaluation of transportation needs and preferences, where factors such as 

convenience, flexibility, and personal well-being now hold heightened 

significance in the decision-making process. Navigating this evolving landscape 

requires a nuanced understanding of the complex interplay of these multiple 

influences, which is imperative for devising effective and sustainable 

transportation policies, especially in achieving the desired modal share within the 

stipulated timeline. 
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Abstract 

 

Local authorities (LA) have been serving as leaders in their communities to 

implement the Low Carbon Cities Framework (LCCF). LCCFC, although 

carefully developed, has not been effectively utilised. This paper aimed to study 

the effect of LCCFC implementation on community satisfaction levels. The 

objectives of this paper were: (i) to determine the implementation of LCCFC in 

relation to community satisfaction, (ii) to analyse the levels of community 

satisfaction across economic, social, and environmental aspects, and (iii) to 

suggest strategies and frameworks for enhancing community satisfaction. A 

mixed method approach was employed, which encompassed both an interview 

and a questionnaire survey. The questionnaire survey reached a sample size of 

400 participants, drawn from six distinct neighbourhood areas within the 

jurisdiction of the Subang Jaya Municipal Council. Meanwhile, the interview was 

conducted with town planners within a Local Authority (LA) as key stakeholders, 

alongside the community. The qualitative data was analysed using Atlas Ti, while 

the quantitative data was via SPSS. The findings of the present study reveal that 

the utilisation of the LCCF checklist by the local authority concerned is currently 

inadequate, thereby necessitating the identification of strategies for improvement 

and the formulation of action plans to enhance community contentment. It is 

recommended that the findings of the current study be utilised as a point of 

reference by other local authorities, thereby constituting a significant 

advancement in the pursuit of accelerating sustainable development. 

 

 

Keywords: Low Carbon Cities (LCC), Low Carbon Cities Framework (LCCF) 

Checklist, Community Satisfaction, local authority  
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INTRODUCTION 

Cities have a significant impact on the past, present, and future. While urban 

development has positive aspects, it can also result in urban degradation 

(Shepherd et al., 2016; Copelliti et al., 2018), which is resulting from the people’s 

carbon footprint (Jones et al., 2018), that is characterised by environmental, 

social, and economic problems. For example, Bateman (2017), in his study, 

reveals the deteriorating state of the world because of global warming and the 

observed rate of temperature rise over time. 

Nevertheless, the international system of environmental management 

focusing on lifestyles and industrialisation is moving slowly in the right direction 

(Ho Chin Siong, 2015). According to the United Nations (2020), environmental 

problems have been recognised and acknowledged at the United Nations 

Conference on the Environment and Development (UNCED) held in Rio de 

Janeiro in 1992 (UNCED, 1992). This recognition resulted in the adoption of 

Agenda 21 implementation which was accepted by 178 governments in 1992. 

However, the United Nations Environment culminated with the World Summit 

on Sustainable Development (WSSD) into a sustainable development framework 

(Panels et al., 2020). Sustainable models have also been developed to support this 

movement. This includes the model by William McDonough (2010), which 

presented the concept of cradle to grave as a perspective within the environmental 

approach (Khan, 2020), denoting the environment as the start and the end of life 

(Siti Kartina; 2021, Baumgart, 2020). 

The increasing importance of sustainable development shifts the focus 

on its impact on a city’s economy, environment, and society. One example is the 

Low Carbon Cities Framework (LCCF), which has been implemented in cities 

aimed at achieving green city status by enhancing sustainable developments 

(Hunter et al., 2019). To deal with urban degradation, Malaysia applies LCCF to 

reduce carbon emissions while simultaneously benefiting from its tremendous 

economic opportunities (Lee, 2019). According to Malaysia’s Ministry of Energy 

(2017), the implementation of LCCF covers four (4) main areas: urban 

environment, urban infrastructure, urban transportation, and buildings, as 

guidance to local authorities. The LCCF Checklist (LCCFC), applied in the 

planning permission process (Juhari et al., 2018), sets the minimum requirement 

and passing score to assess the readiness of a particular project. 

The current study discovered gaps in the readiness for the 

implementation of LCCF at the local authority level in Malaysia. Thus, the 

objective of this paper was (i) to determine the implementation of LCCFC in 

community satisfaction, (ii) to analyse the unity satisfaction in the economic, 

social, and environmental aspects, and (iii) to suggest strategies and frameworks. 
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LITERATURE REVIEW 

Low Carbon Cities (LCC) 

Low Carbon Cities (LCC) are generally defined as cities comprising communities 

that utilise sustainable green technologies, employ green practices, and emit 

relatively low carbon compared to current practices to avoid adverse effects of 

climate change (KeTTHA, 2017). According to Hunter et al. (2019), China is the 

recent LCC with a sustainable urbanism plan to respond to the impacts of climate 

change. Though LCCs have been implemented globally, they are referred to by 

slightly different names depending on the province, city, municipality, or 

community that pursues a systematic process to achieve carbon emission 

reductions (Siti Kartina, 2021; D.O., 2019). 

 

Low Carbon Cities Framework (LCCF) 

Low Carbon Cities Framework (LCCF) (KeTTHA, 2017; 2011) is a 

performance-based framework that captures the actual environmental impact of 

development in terms of total carbon emission. The framework provides 

information on carbon equivalent due to human activities in cities in order to 

increase public awareness of reducing low carbon emission levels. LCCF and the 

assessment system, LCCF Track, are developed and managed by GreenTech 

Malaysia (2017). On the other hand, the LCCF Checklist is an online carbon 

assessment designed to support the implementation of LCCF by assessing the 

performance criteria and the planning permission. 

 

Low Carbon Cities Framework Checklist (LCCFC) 

The LCCFC is based on four (4) main areas: urban environment, urban 

infrastructure, urban transportation, and buildings (see Table 1). It is a tool for 

planning permission in development control and serves as a guide to the local 

authorities. It includes a list of requirements required to be qualified as a Low 

Carbon Project (Ministry of Energy, 2017). LCCFC is divided into two 

approaches: (i) city-based (mitigating all LCCF criteria) and (ii) one-system 

(mitigating one or some LCCF criteria).  

 
Table 1: The Element and Score for LCCFC 

Elements 

Urban Environment 

(UE) 

Urban Transportation 

(UT) 

Urban Infrastructure 

(UI) 
Building (B) 

Score For LCCFC  

% Score LCCFC Achievement 

> 90 Outstanding 

80 – 89 Excellent 

70 – 79 Very Good 

60 – 69 Good 

50 – 59 Poor 
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Elements 

Urban Environment 

(UE) 

Urban Transportation 

(UT) 

Urban Infrastructure 

(UI) 
Building (B) 

< 49 Unclassified 
Source: Adapted from the Ministry of Energy, Green. Technology and Water (KeTTHA, 2017) 

 

Readiness to Implement Low Carbon Cities Framework Checklist (LCCFC) 

Results on the community’s satisfaction enable this paper to assess the readiness 

of the LA officers in implementing the LCCFC. LCCFC applications within the 

Planning Permission Authority focused on input from experienced LA Officers. 

It also only investigated the interactions between the community within the 

implementation of LCCFC development projects of the local authority. The 

preceding research confirms that implementing the LCCFC’s concept in 

development control affects the community through which its implementation 

can satisfy the community’s needs. For example, there was no covered pedestrian 

walkway connecting the public transportation LRT station. 

 

LCCFC and Planning Permission in Development Control for Strategy 

Rating Tool 

Development control regulates land and buildings by the local planning authority; 

meanwhile, land-use planning is regulated by the Town and Country Planning as 

stated in Act 1976 (Act 172). In Act 1976, 2(1) defined developments as (a) 

carrying out building work, including demolition, erection, re-establishing or 

expanding a building or part thereof, (b) carrying out engineering work such as 

shaping and levelling, alignment of access, cable alignment, and access to the 

water, (c) carrying out the mining and industrial work, (d) making a material 

change in use of land or buildings or any part thereof, and (e) breaking boundaries 

and mix the soil (PLANMalaysia, 2021).  

The vital role of the local authorities lies in regulating land planning 

and exercising development control, as highlighted by Abdullah et al., (2011) 

who emphasise empowering local authorities’ power and responsibility. These 

responsibilities consist of regulating land use and promoting more desirable 

social and environmental planning towards sustainable development. Thereby, 

land-use planning may include efforts to conserve the environment, restrain urban 

sprawl, minimise transportation costs, prevent land-use conflicts, and reduce 

exposure to pollutants. By and large, land uses determine the diverse socio-

economic activities that occur in a specific area, the patterns of human behaviour 

they produce, and their impact on the environment.  

 

 

 

 

https://en.wikipedia.org/wiki/Land_use
https://en.wikipedia.org/wiki/Urban_sprawl
https://en.wikipedia.org/wiki/Urban_sprawl
https://en.wikipedia.org/wiki/Transport
https://en.wikipedia.org/wiki/Land_use_conflict
https://en.wikipedia.org/wiki/Pollutant
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Sustainable aspect 

According to Mensah (2019), people want to live now and in the future in 

sustainable cities. These cities must meet the diverse needs of existing and future 

populations, be sensitive to their environment, and ensure that their lifestyle and 

consumption do not adversely affect the environment. At the same time, it also 

preserves the natural environment and simultaneously contributes to a high 

quality of life. Therefore, sustainable cities are safe, inclusive, and good as well 

as well-planned, build, manage, and offer equal opportunities and urban services 

for all (Caprotti et al., 2018). The sustainable city elements address three tenets 

of sustainable development, namely economic, social, and environmental. 

 

Economic aspect 

Economic outcomes determine the economic aspect of community satisfaction. 

Economic sustainability is the decisions that are made in the most equitable and 

fiscally sound way possible while considering the other aspects of sustainability. 

It involves creating economic value out of whatever project or decision is 

undertaken. Economic sustainability  

 

Social aspect 

The social aspect of community satisfaction is an achievement in sustainability 

based on the concept that a decision or project promotes community betterment. 

The social aspects also evaluate community satisfaction in the implementation of 

LCCFC in the planning permission project, for example, is that the LCCFC can 

provide cost reductions, such as a bicycle lane, public transportation via bus and 

pedestrian walkway. 

 

Environmental aspect 

The environmental aspect of community satisfaction promotes equilibrium 

within the natural systems and seeks to encourage growth. It is also sustainable 

that an ecosystem would maintain populations, biodiversity, and overall 

functionality (Christopher Wanamcaker, 2020). 

 

Community participation and reception in LCCFC implementation 

A community refers to people who share interests grouped in a neighbourhood. 

In the LCCFC, the community serves as a fundamental principle, aligned with 

the Local Agenda 21 of SDG (Worlds Health Organization, 2016). Community 

participation entails people participating in a collaborative creative effort, 

invention, and planning in areas where development can be accomplished. The 

definition of a community used to measure sustainable development to evaluate 

community satisfaction and reception is gauged in the quantitative approach 
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(Noori, 2017), whereby community satisfaction is realised through community 

involvement in implementing LCCFC in a local authority.  

 

Performance Criteria 

The four elements of LCCF can be further categorised into fifteen (15) 

performance criteria and 41 sub-criteria, each providing specific intent towards 

carbon reduction targets (Ministry of Energy, 2017). In this paper, LCCF 

performance criteria to gauge respondents’ agreement towards its 

implementation in planning permission project development from the developer. 

The element, score, performance criteria, and sub-criteria of LCCF are listed in 

Table 2. 

 
Table 2: Element, Score, Performance Criteria, and Sub-Criteria of LCCF 

Element Performance Criteria 
Score 

(105) 

Performance 

Criteria 

Sub-

Criteria 

Urban 

Environment 

(UE) 

● UE 1: Site Selection 10 

3 Performance 

Criteria 

14 Sub-

Criteria 

● UE 2: Urban Form 18 

● UE 3: Urban Greenery and 

Environmental Quality 
9 

Total Criteria Achieved for UE 37 

Urban 

Transportation 

(UT) 

● UT 1: Reduction Use of Private 

Motorised Transport on Urban Road 

Network 

8 

6 

Performance 

Criteria 

11 Sub-

Criteria 

● UT 2: Increase in Public Transport 5 

● UT 3: Mode Shift from Private to 

Public Transport and Non-Motorised 

Transport 

5 

● UT 4: Use of Low Carbon Transport 4 

● UT 5: Improvement to Level of 

Service of Road Links and Junctions 
2 

● UT 6: Utilisation of Transit-Oriented-

Development (TOD) Approach 
5 

Total Criteria Achieved for UT 29 

Urban 

Infrastructure 

(UI) 

● UI 1: Infrastructure Provision 9 

4 

Performance 

Criteria 

10 Sub-

Criteria 

● UI 2: Waste 10 

● UI 3: Energy 3 

● UI 4: Water Management 4 

● Total Criteria Achieved for UI 26 

Building (B) 

● B 1: Sustainable Energy Management 

System 
3 2 

Performance 

Criteria 

6 Sub-

Criteria ● B 2: Low Carbon Buildings 10 

Total Criteria Achieved for UB 13 
Source: Ministry of Energy, Green. Technology and Water (KeTTHA), 2017 
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The selected performance criteria are based LCCFC list. The current 

paper selected ten (10) items that involved (i) a comprehensive pedestrian 

network, (ii) a comprehensive cycling network, (iii) green open space, (iv) the 

number of trees or community gardening, (v) public transport ridership, (vi) use 

of more fuel-efficient vehicles for passenger vehicles and green freight transport, 

(vii) a number of charging stations, (viii) new development and redevelopment 

schemes incorporating tod concept, (ix) walking and cycling facilities to support 

access and mobility to/from public transit nodes, and (x) household solid waste 

management.  

 

RESEARCH METHODOLOGY 

The current study employed a case study to focus on the area that implemented 

LCCFC and planning permission. The methodology employed was a mixed 

method. The qualitative research involved face-to-face interviews with experts, 

the local authority (LA) officers. Meanwhile, 400 respondents, from six (6) 

neighbourhoods in Subang Jaya Municipal Council jurisdiction, namely: (i) 

BPK1.1: USJ-Sunway, (ii) BPK 1.2: USJ-Subang Jaya, (iii) BPK 3.1: Putra 

Heights, (iv) BPK 5.1: Bandar Puteri, (v) BPK 5.2 Puchong Perdana, and (vi) 

BPK 6.1: Taman Equine were involved in the study’s quantitative research by 

answering a questionnaire survey forms.  

The conceptual framework provided detailed information on the 

relationship between each variable. Conceptual is a variable that will be known 

as a concept, as shown in Figure 1. Elements are not included in the conceptual 

framework because elements were included in the questionnaire question. 

Conceptual is formed for the actual explanation of how the assessment is made 

according to the aspect of economic, social, and environmental. The data analysis 

discussed in the implementation of LCCFC was assessed from the perspective of 

the LA officers and community reception. The levels of community satisfaction 

were determined by a survey on the use of the LCCFC in development control. 

The outline illustrated the effect of LCCFC implementation in the local authority, 

which should reflect the LA officers’ readiness to apply the LCCFC (Juhari et al., 

2018). Thus, the result of the current study reflected the readiness of 

implementation in LCCFC in a local authority and suggested improvement of 

strategies and action plans that were aligned with communities’ satisfaction. 
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Figure 1: Conceptual framework 

 

ANALYSIS AND FINDINGS 

The current paper studied ten (10) performance criteria and the readiness levels 

of LCCF implementation among developers. The study also investigated the 

achievement of LCCF from the aspects of economic, social, and environmental 

in sustainable development by measuring the community’s satisfaction level.  

From the Levene test schedule (see Table 2), the variable with 

Homogeneity of Variances (p>.05) was identified, allowing the variable data and 

groups to be tested with ANOVA. Therefore, the conditions of uniformity were 

met. 

 
Table 3: Test of Homogeneity of Variances 

Item Levene Statistic df1 df2 Sig. 

SUM_ECON 7.005 5 394 .000 

SUM_SOCIAL 6.853 5 394 .000 

SUM_ENVI 4.045 5 394 .001 

 

Table 3 displays the SS (Sum of Squares) values between aspects with 

F=10.816, indicating that the min score for the planning block group was 

significantly different. According to the planning block sampling area, the results 

revealed that respondents saw no substantial difference in cost savings by using 

the pedestrian walkway as the F-test value was highest in the economic aspect 

rather than the social and environmental aspects. 
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Table 4: Result of ANOVA Effect in LCCFC 

 

Sum of 

Squares df 

Mean 

Square F Sig. 

SUM_ECON Between Groups 
58.106 5 11.621 

10.81

6 
.000 

Within Groups 423.331 394 1.074   

Total 481.437 399    

SUM_SOCIAL Between Groups 60.992 5 12.198 3.202 .008 

Within Groups 1501.10

5 
394 3.810   

Total 1562.09

8 
399    

SUM_ENVI Between Groups 92.329 5 18.466 9.394 .000 

Within Groups 774.511 394 1.966   

Total 866.840 399    

 

Economy 

The economic characteristic of sustainable development primarily concerns the 

cost-value trajectory that contributes to saving money, such as the expansion of 

public transportation or the installation of bicycle lanes to promote its usage. 

Apart from that, these amenities will also benefit the community at large.  

ANOVA was used to determine whether there were any significant 

differences between the mean values of the three independent groups relating to 

the economic aspects. It distinguished the mean value of respondents within the 

small planning block sample and compared the community’s satisfaction value 

with LCC implementation. 

 
Table 5: The Analysis of Economic Aspect 

Group n Mean SD F p 

BPK 1.1 141 9.3901 .74425 10.816 0.00 

BPK 1.2 44 9.1364 .82380   

BPK 3.1 23 8.8696 1.01374   

BPK 5.1 62 8.6452 1.47211   

BPK 5.2 85 8.4824 .90779   

BPK 6.1 45 8.6222 1.45053   

Total 400 8.9375 1.09846   

 

Environment 

The introduction of the LCCFC could reduce carbon footprint as it effectively 

eliminates vehicular dependency. Thus, one of the drives towards this change is 

by planning authorities providing bicycle lanes with material green infrastructure.  

The Levene test schedule shows the variable had a Homogeneity of 

Variances (p>.05), allowing the variable data and groups to be tested with 
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ANOVA (refer to Table 6). Therefore, the conditions of uniformity were met. 

The ANOVA table displays the SS value between aspects with a value of 

F=9.394, indicating the min score of the planning block group was significantly 

different. 

 
Table 6: The Analysis of the Environmental Aspect 

Group n Mean SD F p 

BPK 1.1 141 13.2482 1.08993 9.394 0.00 

BPK 1.2 44 12.9318 1.14927   

BPK 3.1 23 13.0435 .97600   

BPK 5.1 62 12.0000 1.78335   

BPK 5.2 85 12.4941 1.40258   

BPK 6.1 45 12.2000 1.97254   

Total 400 12.7300 1.47395   

 
Social 

The pedestrian walkways could modify behaviour by enhancing social contact in 

the community, making LCCFC an added attraction. The walkway could result 

in shared enjoyment in the neighbourhood area. For example, it can strengthen 

the mutual interaction of neighbours. Besides, the implementation of the LCCFC 

could promote a healthier lifestyle as it encourages physical exercises from using 

the pathways through activities such as walking on the pedestrian path to the LRT 

Station, as illustrated in Plate 1.  

 

 

 

 

 

 

 
 

 

 

 
 

Plate 1: Pedestrian Walkway Facilities at the LRT Station 
Source: Briefing on Guidelines Criteria Plot ratio and density for the application of planning permission in 

Subang Jaya Municipal Council, 2018 
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Table 7: The Analysis of Social Aspect 

Group n Mean SD F p 

BPK 1.1 141 18.8936 1.08993 
3.2

02 
.008 

BPK 1.2 44 19.1136 1.14927   

BPK 3.1 23 19.3478 .97600   

BPK 5.1 62 18.0968 1.78335   

BPK 5.2 85 18.6118 1.40258   

BPK 6.1 45 18.1111 1.97254   

Total 400 18.6725 1.47395   

 

Table 7 shows the variable had a Homogeneity of Variances (p>.05), 

thereby allowing variable data and groups to be tested with ANOVA. Therefore, 

the conditions of uniformity were met. The ANOVA table describes the SS (Sum 

of Squares) value between aspects with a value of F=3.202, indicating that the 

min score of the planning block group was significantly different. 

 
The Community Satisfaction on Implementation LCCFC 

The perception of the respondents on the implementation of LCCFC was 

discussed. The Likert scale survey question was used to gauge the results. 

According to Chomeya (2010), the use of the scale reduces the deviation of 

results and the risks associated with the deviation of personal decision making. 

Before the description of the Likert scale results, an explanation of the descriptive 

statistics was analysed to confirm that the deviation of all items was minimal.  

The results were divided into five items: (i) the knowledge of LCC, (ii) 

the readiness towards LCC implementation, (iii) the reason to apply LCC, (iv) 

the proposal of LCC elements from the community sampled, and (v) the 

community’s satisfaction level on the implementation of the LCC by the local 

authority. 

 

LCCFC Implementation 

This section examined the level of the community’s satisfaction with the 

implemented effects of LCCFC and whether its implementation achieved the 

sustainable developmental criteria.  

Based on Table 8, the low values of bias and standard deviation 

indicated a small deviation of responses from the respondents. The results 

demonstrated that the local authority should offer more opportunities for the 

community to address their concern in order to ascertain a higher level of 

community satisfaction. The statistics included the economy (0.941), 

environment (1.174), knowledge (5.435), social (0.118), and proposal (0.118). 

The level of knowledge had the most significant value in regard to the familiarity 
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of discourse about the topic, thereby supporting the successful implementation of 

LCC based on community satisfaction.  

The response patterns for all the constructed items exhibited a standard 

deviation (SD) pattern because the respondents’ feedback was with varying 

degrees of agreement. The highest SD was social (0.065), showing the data 

dispersion pattern.  

 
Table 8: Descriptive Statistics on Community Satisfaction 

Item  
Sample 

 

Mean Std. Dev 

Statistic 

(SD) Statistic Bias 

Economy -> Community 

satisfaction  
0.056 0.941 0.001 0.058 

Environment_ -> Community 

satisfaction 
0.054 1.174 0.001 0.046 

Level of Knowledge -> 

Community satisfaction 
0.278 5.435 0.001 0.049 

Proposal -> Community 

satisfaction 
0.006 0.118 0.004 0.049 

Social -> Community satisfaction 0.204 3.191 0.003 0.065 

 

Identifying the Performance Priority Criteria of LCCFC 

Based on the survey, the main priority of the respondents was the comprehensive 

pedestrian network, with a mean of 2.39 and a median of 1.00. This represented 

the community reception of the item.  

In contrast, the item with the lowest priority was the number of charging 

stations with a mean of 9.28 and a median of 10.00 (see Table 8). The respondents 

stated that only some of them could afford electric vehicles; therefore, 

respondents perceived its charging station as not a significant element in the 

framework. 
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Table 9: Performance Criteria of LCCFC Elements 

Item Mode Mean Median 

1) Comprehensive Pedestrian Network 1 2.39 1.00 

2) Household Solid Waste 2 4.48 4.00 

3) Open Space 3 4.00 4.00 

4) Number Of Trees 4 4.06 4.00 

5) Public Transport 5 5.15 5.00 

6) Comprehensive Cycling Network 6 4.84 5.00 

7) Walking and Cycling Facilities 7 5.48 6.00 

8) TOD concept 8 7.36 8.00 

9) Fuel-Efficient Vehicles 9 7.75 9.00 

10) Number Of Charging Stations 10 9.28 10.0 

Total Criteria 10   

 

A total of twelve (12) LA Officers served as the respondents in the 

current study to share their expertise in implementing the LCCFC during the 

permission stage. Most of the respondents (73 %) were experts in planning 

permission, while 18 per cent of them were not directly in charge of planning 

permission, and 9 per cent had a different expertise, as they were from the Town 

Planning Department. 

 
Table 10: Respondent LA Officers 

Local Authority 

No. Respondent Gender Position 
Experience 

(Years) 
Qualification 

1. A Male Deputy Director Grade J48 18 Bachelor Degree 

2. B Female Director Grade J48 16 Master 

3. C Female Assistant Director Grade J41 10 Bachelor Degree 

4. D Female Assistant Director (Senior) 

Grade J44 
20 

Bachelor Degree 

5. E Female Assistant Director (Senior) 

Grade J44 
18 

Master 

6. F Female Assistant Director Grade J41 6 Bachelor Degree 

7. G Male Assistant Director Grade J41 8 Bachelor Degree 

8. H Male Assistant Director Grade J41 5 Bachelor Degree 

9. I Male Assistant Director Grade J41 5 Bachelor Degree 

10. J Male Assistant Director (Senior) 

Grade J44 
18 

Bachelor Degree 

11. K Female Assistant Director Grade J41 8 Bachelor Degree 

 

The readiness of implementation of LCCFC in the Planning Permission 

was investigated from the perspective of the LA officers to achieve the objective 
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of unity satisfaction in economic, social, and environmental aspects. The present 

study revealed that LA officers could check the planning permission with LCCFC 

based on several factors. First, their competency to carry out their roles and 

responsibilities throughout the planning development process. The majority of 

survey respondents (80 %) indicated that they knew how to check planning 

permission with the LCCFC. However, the majority of respondents indicated that 

it is a lack of skills. They cited issues encountered during the development control 

planning permission process, including lack of knowledge (18 %), competency 

(9 %), lack of experience (9 %), lack of training (9 %) and lack of skill (28 %). 

In addition, the respondent stated that they lacked the ability to assess the 

planning permission based on the LCC in the development plan. As developers 

or town planning consultants submitted a detailed plan incorporating the LCCFC 

and referred to GreenTech for clarification, LC officers were not tasked to review 

development plans. Due to a lack of comprehension of the performance criteria, 

the developer and consultant were unable to receive a detailed explanation from 

LA officers. Thus, commitment among the LA officers was crucial, as indicated 

by the result of the interview. 

 

“Too costly to apply such as lack of integration among department and 

agencies to produce the quantitative analysis. Lack of incentives from 

local authorities if LCCF being applied.” (Respondent B) 

“Lack of commitments due to lack of knowledge.” (Respondent F) 

“It is really crucial at commitments will determine achievement.” 

(Respondent K) 

 

FINDINGS 

The findings demonstrated the applicability of LCCFC within the existing 

performance criteria. The experts needed to explain in detail and assist in 

checking the layout plan and planning permission with LCCFC.  

During the expert review, it was revealed that there was low 

comprehension displayed among LA officers in the use of the checklist read 

alongside the layout plan. Also, LA officers found reviewing the Planning 

Permission Plans challenging. The community satisfaction from economic, 

social, and environmental aspects was determined based on the results of the 

Analysis of Variance (ANOVA) statistical model. It was essential to determine 

the significant difference between the mean criteria of independent groups. It also 

determined the readiness level of LCCFC implementations by developers, for 

example, the provision of pedestrian walkways. The study found that the 

respondents’ perceptions, according to the planning block groups, were not 

substantially different.  In addition, there were no cost-saving implications in 

terms of the economic, social, and environmental effects of the implementation 
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and achievement of LCCFC when measuring community satisfaction. It is 

possible to conclude that there is no significant distinction between economic, 

social, and environmental factors. 

Lastly, the findings suggested the strategies and framework based on 

the results of ATLAS.ti. Hence, the study proposes that the existing LCCFC was 

a suitable rating tool, with the key in the system stored as a softcopy version. The 

LCCFC’s score was based on fulfilling the conditions reached when the planning 

approval was requested, and the performance criteria were sought when 

submitting the planning permission. Based on the analysis of the ratings, the 

respondents must first know how to check the planning permission using the 

LCCF Checklist. Meanwhile, the community perception in identifying the 

performance priority of LCCFC was based on the ten (10) selection of criteria. 

Results showed that the community’s selection for top performance criteria was 

the comprehensive pedestrian network in the LCCFC implementation. 

 

CONCLUSION 

This paper explored the community reception in the LCCFC. The first finding 

determined the performance criteria of LCCFC. The pedestrian walkway was 

selected from the ten (10) performance criteria in the community. To determine 

the performance criteria, knowledge is an important dimension. Hence, 

awareness should be enhanced among the community in achieving community 

satisfaction. 

The second finding was the relationship between LCCFC and planning 

development control procedure. This aids in understanding the applicability of 

performance criteria in LCCFC. The knowledge and skills to understand the 

LCCFC in planning permission improve the LA officers’ and developers’ skills. 

Hence, training can enhance their skills. Certified facilitators are needed to assist 

in reviewing the layout plan with LCCFC. The effort from the state government 

to streamline LA into the LCCFC in a local authority is also needed. The selection 

of the LCCFC performance criteria is one of the main findings. The highest 

priority is the best findings for the performance criteria. Hence, the LA needs to 

consider the developer’s proposed development and highlight the critical areas. 

The connectivity with each area is very important. The developer needs to 

provide a usable covered walkway to the community.  

The third finding was the level of readiness for LCCFC implementation 

among LA officers and the community. The level of readiness is relevant to LA 

officers in evaluating the impact of LCCFC implemented on community 

satisfaction, with the measures commensurate with the readiness level. 

Knowledge is also important to enhance the LA’s awareness of LCCFC with the 

planning permission and complemented with GNG. LA lacking LCCFC 

knowledge should be given training with coordination from the state government. 
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The aspect of community readiness is based on the aspects of economy, 

environment, knowledge, society, and proposal. The significance value is the 

level of knowledge that will be emphasised in the readiness of the community. 

The implementation of LCCFC by the LA is the effort of the leaders. LA execute 

LCCFC implementation on account of the readiness of the community. 

Competency is also an aspect highlighted in readiness from the LA which is the 

problem faced during the planning permission process. Enhancing the skill levels 

in evaluating the planning permission is the expected commitment from the 

developers and town planning consultants during planning permission 

submission. The crucial issues in LCCFC are enhancing understanding and 

upgrading the LA officers’ skills and commitment.  

The fourth finding was the relationship between community satisfaction 

and the implementation of LCCFC in a local authority. The current study 

concludes that the community benefits from implementing LCCFC in a local 

authority. To achieve community satisfaction, the suggestions in development 

control should meet the requirements based on the performance criteria. The 

priority performance criteria of LCCFC are based on the community proposal. 

For example, the comprehensive pedestrian networks are of greater significance 

in the LCCFC. So, developers need to provide pedestrian walkways and LA needs 

to facilitate by giving the length and connectivity. The relationship between the 

effect of LCCFC implementation and achievement towards community 

satisfaction level is also discovered. The findings have no significant effect on 

the implementation because the result showed no cost-saving implications in 

measuring the community’s satisfaction. 

Overall, the current study recommends the need to propose an action 

plan for LA based on the validation and acceptance of the conceptual framework 

for community satisfaction and sustainable development.  
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Abstract 

 

Urban areas employ proactive strategies to effectively manage their urban tree 

population, aiming to enhance the overall coverage of tree canopies. This process 

involves certified landscape practitioners (ALP) and individuals without formal 

professional credentials (LP) who collectively contribute to decision-making 

processes. However, there is limited information on the perception among these 

LPs. Thus, this study employed a questionnaire survey to obtain empirical 

observations from the perceptions of landscape professionals in both groups 

about tree removal by comparing similarities and differences and identifying the 

factors influencing existing tree removal decisions in development areas. The 

study used simple random sampling involving 265 respondents, 102 ALPs and 

163 LPs. Descriptive and exploratory factor analysis (EFA) were used to analyse 

the data. Results showed that the tree removal was a common decision in urban 

development. Both groups of respondents agreed on three factors influencing tree 

removal in development areas: institutional constraints, resource availability, and 

cost/benefit, with institutional constraints being the primary determinant of the 

decision-making process. Additionally, ALPs posited that the physical 

environment influences tree removal decision-making. On the other hand, The 

LPs contended that this decision was also motivated by preferences and tree 

characteristics. This research advances urban tree retention literature and 

provides pertinent information for tree retention and management planning and 

strategy. Future studies may consider investigating the perceptions of different 

landscape professional credentials related to site design and construction to 

strengthen the research findings.  

 

Keywords: tree retention, tree removal, development area, advanced landscape 

professionals 
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INTRODUCTION 

Urban trees are one of the most important tools available in cities for addressing 

present and future environmental challenges and, ultimately, promoting well-

being. Despite the significant impact that the trees have on a community quality 

of life (Hall & Dickson, 2011), many cities struggle to balance between ambitious 

tree canopy cover objectives and urban development pressures (Ordóñez et al., 

2019). The ongoing urbanisation process has resulted in the removal of an 

increasing number of trees to accommodate new construction projects (Brunner 

& Cozens, 2013). Urban trees are routinely removed to make way for new 

buildings, roads, parking lots, and other structures, expand their footprint, or 

upgrade critical infrastructure systems such as utilities (Croeser et al., 2020; 

Haaland & van den Bosch, 2015). As a result, a significant number of trees are 

removed on properties undergoing redevelopment compared to undeveloped ones 

(Guo et al., 2018). As tree removal is costly (Roman et al., 2022), factor 

influencing tree removal decisions include the tree-related characteristics, 

particularly the size of trees (Croeser et al., 2020; Guo et al., 2018; Morgenroth 

et al., 2017) and the health of trees (Conway, 2016; Guo et al., 2019). For 

instance, large trees require technical support and specialised equipment (Guo et 

al., 2018). Another reason for removal is poor tree health or risk perception, such 

as concerns about the dangers of falling branches or trees (Conway, 2016; Roman 

et al., 2022). According to Morton (2006), a tree in good health and condition and 

with a long-life expectancy is considered the optimal choice for retention on a 

development site. However, not every tree can be retained due to space 

limitations and other site restrictions (Ames & Dewald, 2003). The most 

important spatial variable for removal is the tree’s proximity to a building or 

driveway. According to Guo et al. (2018), the tree removal is influenced by 

conflicts related to demolition or construction. Emerging evidence also indicates 

that inadequate site selection during planting processes is the primary factor 

contributing to tree removal (Klobucar et al., 2021). A significant correlation 

exists between the quality of planting space and trees (Conway, 2016) and the 

associated safety risks, which are the primary justifications for tree removal.  

The influence of cultural dynamics, specifically individual preferences, 

on the removal of healthy trees was examined by Kirkpatrick, Davison and 

Daniels (2013) and Kirkpatrick et al. (2012). The studies found that the society's 

lack of active support and failure to prioritise greening cities to perceiving other 

needs, particularly in developing grey infrastructure, as more pressing. 

Additionally, some individuals view trees as problematic due shade, allergies, 

and the needing to clean up leaves (Kronenberg, 2014). The presence of negative 

perceptions towards trees has also been recognised as a contributing factor in the 

removal of trees (Clark et al., 2020). This is often linked to insufficient risk 

assessment practises, which lead to the unnecessary removal of healthy trees. The 

availability of tree information, including the condition and number of trees 
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(Kronenberg, 2014) and specialised equipment such as sonic tomographs are 

important in influencing tree removal decisions in development areas (Ibrahim et 

al., 2019). Also, as some developers prioritise profit over environmental 

preservation (Hasan et al., 2016), they will act to minimise the cost of 

development by removing trees (Nor Hanisah & Hitchmough, 2015). Based on 

the findings of Guo et al. (2018), economically-related factors associated with 

property value are significant explanatory variables in predicting tree removal at 

the property scale. Retaining trees by transplanting demands an overhaul in 

concepts and skills (Jim, 2013). Kronenberg (2014) emphasised that the 

preservation of urban trees faces significant challenges due to insufficient 

financial resources and shortcomings in managing and overseeing tree 

maintenance.  

Moreover, institutions are identified by Kronenberg (2014) as a barrier 

to urban greening. Clark et al. (2020) argue that the mechanism employed for tree 

retention is subjective, while Kronenberg (2014) points out that current 

regulations do not sufficiently prioritise urban greenness. Excluding certain 

factors can also influence the success of tree retention implementation (Clark et 

al., 2020; Lavy & Hagelman, 2019). Moreover, the insufficiency of penalties, 

punishments, and fines imposed are highlighted by Clark et al. (2020), indicating 

that they may not effectively address the issue at hand. Additionally, Ibrahim et 

al. (2019) argue that these measures may not be suitable for the present 

circumstances. According to Lavy and Hagelman (2017), removing trees is 

connected to property ownership and the power to make alterations to real estate. 

Thus, the absence of a dedicated law concerning the gazetting of trees and the 

lack of requirement for authorities' approval for removing trees in private areas 

have been noted (Hasan et al., 2016).  

According to O’Herrin et al. (2023) credentialing is often the incentive 

for continuing education by requiring practitioners to obtain new knowledge to 

ensure that practitioners maintain their connection to the body of knowledge and 

utilise it in their service to society. It is argued that perception affects decision-

making, therefore, the purpose of this study was to explore the perception of 

landscape architects based on their professional credentials. Despite the 

involvement of certified landscape practitioners (ALPs) and those without formal 

professional credentials (LPs) in the management of urban trees, research on how 

they perceive tree-removal decisions, particularly in development areas, is still 

lacking. Therefore, this study aimed to elucidate the perspectives of advanced 

landscape professionals and landscape professionals regarding tree removal 

practises and various factors that impact their decision-making in development 

areas. Additionally, the study sought to determine any discernible differences in 

their perceptions. The scope of the present study included urban trees that were 

subject to management by tree professionals on private and public lands, 

particularly relating to development activities in Malaysia. 
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METHODOLOGY 
Study Sample 

In mid-2022, we surveyed landscape practitioners registered with the Landscape 

Architect Institute of Malaysia (ILAM) as corporate and graduate members for 

the 2021–2022 session to assess their perceptions of tree retention and removal 

decision-making in development areas. From the population of 829 landscape 

professionals, the number of samples required, based on the Krejcie & Morgan 

(1970) formula, is 262. Accordingly, the researcher has used a total of 265 

respondents as a study sample based on the formula for determining the sample 

size. The study used simple random sampling. The list of landscape architects in 

the ILAM directory was arranged according to the sequence of membership 

numbers. The respondents to the survey were selected alternately on the sequence 

of the list. The survey started with the landscape architect at number one on the 

list and was followed by the next number. The selection was moved to the next 

person if the researcher failed to reach the intended landscape architect. This 

process continued until the number of respondents reached a total of 265 people. 

The researcher then continued the survey and managed to get 102 ALPs and 163 

LPs. Their detailed demographic characteristics are presented in Table 1. In this 

study, ALPs are defined as respondents were certified by the Institute of 

Landscape Architect Malaysia (ILAM) as Landscape Architect (LAr), the 

International Society of Arboriculture (ISA) as Certified Arborist (CA), or the 

Malaysia Board of Technologists (MBOT) as Professional Technologies (Ts). 

Meanwhile, LPs are defined as respondents who were registered with ILAM as 

graduate members. Descriptively, a higher proportion of the respondents were 

males, mainly aged between 31 and 40 years, with bachelors’ degree educational 

qualification and working in the private sector.  

 

Questionnaire Design 

The questionnaires used in the study for respondents were based on a literature 

review. It consisted of three sections. The first section comprised questions about 

the respondents’ sociodemographic characteristics. The second section elicited 

information about the tree removal decision practice using 

dichotomous responses such as ‘yes’ or ‘no’. The responses were coded either as 

1 or 0. A score of 1 indicated respondents’ agreement that trees in development 

areas were usually removed (response ‘yes’), and 0 indicating respondents’ 

disagreement that trees in development areas were usually removed (response 

‘no’). The last section, which invited respondents to provide their opinion on the 

tree removal rationale in the development area, was presented with Likert-scale 

questions of 57 statements. The respondents expressed their opinion on each of 

the statements, with answers given on a 5-point Likert scale anchored by ‘I fully 

disagree’ and ‘I fully agree’.  

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/sociodemographic-characteristics
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Table 1: Demographic profile of the respondents: ALP (N = 102), LP (N =163) 

Variable ALP (%) LP (%) 

Gender 

Male 73 69 

Female 28 31 

Age 

Under 30 years 8 26 

31 to 40 years 42 63 

41 to 50 years 36 10 

51 to 60 years 14 1 

Education 

Bachelor’s Degree 50 79 

Master’s Degree 27 13 

Doctoral Degree 24 9 

 

Employment sector 

Public sector 2 15 

Statutory body 17 7 

Private sector 81 77 

Work Experience 

1 to 5 years 14 41 

6 to 10 years 24 36 

11 to 15 years 20 14 

16 to 20 years 20 7 

Above 21 years  24 2 

 

Data Analysis 

Reliability test 

This study used Cronbachs’ alpha to check the internal consistency and reliability 

of the questionnaire. This reliability test was performed separately between ALPs 

and LPs. Cronbachs’ alpha test revealed that the overall score for both ALPs and 

LPs data were 0.972 and 0.962, respectively, indicating the items in the 

instrument were highly reliable. 

 

Bartlett test of sphericity and Kaiser-Meyer-Olkin test 

The Bartlett test of sphericity was conducted on the ALP (chi-square = 7080.081) 

and LP data (chi-square = 7807.212), with 1596 degrees of freedom and a 

significance level of 0.000. Both results for the Kaiser-Meyer-Olkin test for ALP 

(KMO = 0.637) and LP data (KMO = 0.873), exceeded 0.5. The results indicated 

that the EFA was appropriate for these datasets.  

 

Exploratory Factor Analysis (EFA) 

This study examined the possibility of aggregating the 57 tree removal rationale 

items into multiple dimensions using an EFA. The EFA was performed using the 
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principal component method with varimax rotation according to an eigenvalue of 

1.0. Items with loadings lower than 0.5 and higher than 0.4 on more than one 

factor were eliminated (Hair, 2010). The data were descriptively analysed, 

followed by testing the hypothesis to determine if there were any significant 

differences between groups regarding their perception of tree removal rationale. 

All the data analyses were performed using the Statistical Package for the Social 

Sciences (SPSS) software version 25. 

 

RESULTS 
Tree removal decision in development areas 

Descriptive analysis 

The respondents were asked, ‘Are existing trees typically removed from the 

development area?’ In this study, ‘no’ signified that the existing trees would be 

retained, as shown in Table 2. All ALP respondents reported that existing trees 

in development areas were typically removed, whereas 14 percent of LP 

respondents believed trees were usually retained in development areas. 

 
Table 2: Respondents’ perception regarding tree removal practice in development areas 

 

Tree removal rationale in the development areas 

Exploratory factor analysis (ALP Data) 

A four-factor solution with 39 variables was retained, explaining 58.1 percent of 

the total variance of the tree removal rationale, as presented in Table 3. Based on 

Table 4, the correlation between the four factors was less than 0.70 (r values 

between 0.330 and 0.602), indicating that the four factors were distinct 

constructs. Upon examining, it was determined that the items in Factor 1 were 

categorised in the ‘Cost and Profit’ construct, which related to the expenses 

incurred and financial gains. Similarly, the items associated with Factor 2 were 

found to be closely linked to ‘Resource Availability’, encompassing factors such 

as the availability of funds, staff, knowledge, expertise, and data. Furthermore, 

the items in Factor 3 were categorised as ‘Spatial and Physical Characteristics’, 

encompassing factors related to spatial conditions and physical elements on site. 

Lastly, the items within Factor 4 were classified within the construct of 

‘Institutional Constraints’, which comprised factors relating to procedures and 

legislation. 

 

Respondent Tree removal   Frequency % 

Advanced Landscape 

Professional (ALP) 

Yes 102 100 

No 0 0 

Landscape Professional (LP) Yes 140 86 

No 23 14 
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Table 3: Total Variance Explained (ALP Data) 
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1 22.58 39.62 39.62 22.58 39.62 39.62 9.25 16.23 16.23 

2 4.59 8.05 47.67 4.59 8.05 47.67 9.19 16.13 32.36 

3 3.10 5.44 53.11 3.10 5.44 53.11 9.09 15.94 48.30 

4 2.85 4.99 58.10 2.85 4.99 58.10 5.59 9.80 58.10 

Note: only eigenvalues of 1.0 or greater were listed. 

 

Table 4: Component Transformation Matrix of ALP Data 

Component 1 2 3 4 

1 .556 .541 .538 .330 

2 -.345 .544 -.530 .552 

3 .602 -.497 -.412 .470 

4 -.458 -.406 .511 .604 

 

Exploratory factor analysis (LP Data) 

A total of five factors were extracted from 30 variables retained from the LP data. 

They predicted as much as 56.24 percent of the overall variance of the tree 

removal rationale, as presented in Table 5. Table 6 show that the five factors’ 

correlation was less than 0.80 (r values between range of 0.081 and 0.818), 

suggesting that the five factors were separate constructs. This study revealed that 

the items categorised under Factor 1 were classified as ‘Resource Availability’, 

encompassing factors such as equipment availability, staff availability, expertise 

availability, and data availability. The items classified under Factor 2 were 

associated with ‘Institutional Constraint’, which included factors related to 

procedures and legislation. The items categorised under Factor 3 were referred to 

as the ‘Cost and Profit’ construct, representing factors related to incurred 

expenses and financial gain. The items classified under Factor 4 were placed 

under the ‘Preference’ construct, which pertains to factors related to social 

characteristics. Lastly, the items categorised under Factor 5 were referred to as 

the ‘Tree Characteristic’ construct, representing factors related to the 

characteristics and quality of the existing trees. 
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Table 5: Total Variance Explained (LP Data) 
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1 19.35 33.95 33.95 19.35 33.95 33.95 9.52 16.70 16.70 

2 3.77 6.61 40.56 3.77 6.61 40.56 6.29 11.03 27.73 

3 3.22 5.64 46.20 3.22 5.64 46.20 5.96 10.45 38.18 

4 2.94 5.16 51.36 2.94 5.16 51.36 5.21 9.13 47.31 

5 2.79 4.89 56.24 2.79 4.89 56.24 5.09 8.93 56.24 

Note: only eigenvalues of 1.0 or greater were listed. 

 

Table 6: Component Transformation Matrix of LP Data 

Component 1 2 3 4 5 

1 .625 .438 .391 .378 .348 

2 -.465 -.332 .751 .081 .320 

3 .248 -.653 -.393 .255 .541 

4 -.342 .468 -.263 -.340 .692 

5 -.463 .229 -.242 .818 -.074 

 

Mean ranking of tree removals’ rationale  

The results indicated that the respondents' levels of agreement with the group of 

factors related to the justification for tree removal fell into the categories of 

‘moderately agree’, ‘agree’, and ‘strongly agree’, with an average value between 

3.66 and 4.19, as presented in Table 7 and Table 8. The results suggested that 

both groups of respondents agreed that ‘Institutional Constraint’ (Rank 1, mean 

= 4.19 and 4.13, respectively) was the main reason for tree removal in 

development areas, followed by ‘Resource Availability’, (Rank 2, mean = 4.02 

and 4.05, respectively). The factors ‘Cost and Profit’ received the lowest ranking 

(mean = 3.69 and 4.02, respectively). The physical environment (Rank 3, mean 

= 3.91) was another factor that ALPs believed affected decision-making 

regarding tree removal. The LPs, however, believed that the decision was also 

influenced by ‘Preference’ (Rank 3, mean = 4.01) and ‘Tree Characteristic’ (Rank 

4, mean = 3.86). 
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Table 7: Result of EFA of tree removal rationale (ALP Data) 

Tree removal rationale by ALP 
Factor loadings 

Mean 
1 2 3 4 

Factor 1: Cost and profit 3.69 

High-value properties' trees aren’t worth retaining. 0.77    3.54 

Request by influential individuals. 0.77    3.71 

Developers demanded tree removal. 0.74    3.95 

Tree retention yields low profits. 0.67    3.72 

Design changes to retain trees cost more. 0.67    3.79 

Profit from tree-removed wood. 0.65    2.91 

Trees can be replanted. 0.64    3.79 

Lower removal costs than transplanting. 0.64    4.17 

High tree maintenance costs 0.51    3.88 

Factor 2: Resource availability 4.02 

Insufficient funds to maintain retained trees.  0.78   4.01 

Insufficient funding limits green management.  0.77   3.79 

Lack of staff to manage development area trees.  0.77   3.80 

Lack of economic incentives to protect urban trees.  0.73   4.09 

Lack of knowledge on tree care and spp.  0.73   4.12 

Tree transplantation requires an expert.  0.67   4.34 

Urban tree care requires an expert.  0.66   4.14 

Insufficient tree data.  0.65   3.67 

Tree inventory requires an expert.  0.64   4.15 

Lack of innovative tree integration.  0.60   4.09 

Lack of community involvement in projects.  0.55   3.98 

Factor 3: Spatial and physical characteristics  3.91 

The area of the development site is small.   0.77  4.01 

Tree growth space is limited.   0.77  4.04 

Space constraints for tree transplants.   0.74  3.94 

Storm-prone development area.   0.70  3.69 

Retaining it threatens safety.   0.69  4.30 

Retaining the tree makes it hard to adapt.   0.68  3.58 

Closer construction vehicle routes.   0.66  3.63 

Trees abound in the development.   0.64  3.74 

Close proximity between trees and structures.   0.62  4.14 

Trees with irreparable health issues.   0.54  4.35 

Short tree lifespan.   0.52  3.60 

Factor 4: Institutional barrier 4.19 

Tree retention reports apply to certain projects.    0.76 4.27 

Lack of comprehensive planning     0.71 4.39 

Tree removal fines are disproportionate.    0.70 4.19 

Planning requires fewer landscape units.    0.70 4.15 

Existing laws are poorly enforced.    0.69 4.38 

Tree replacement is disproportionate.    0.69 4.14 

Constraints in changing existing policies.    0.51 3.80 
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Table 8: Result of EFA of tree removal rationale (LP Data) 

Tree removal rationale by LP 
Factor loadings 

Mean 
1 2 3 4 5 

Factor 1: Resource availability 4.05 

Urban tree care requires an expert. 0.81     4.15 

Tree transplantation requires an expert. 0.80     4.25 

Lack of tree protection equipment. 0.79     3.99 

Tree inventory requires an expert. 0.77     4.22 

Insufficient tree health testing equipment 0.77     4.06 

Staff shortage to manage existing trees. 0.68     3.90 

Insufficient tree data. 0.65     3.79 

Factor 2: Institutional barrier      4.13 

Lack of comprehensive planning  0.73    4.20 

Existing laws are poorly enforced.  0.73    4.20 

Tree removal fines are disproportionate.  0.66    4.28 

No right to control removal on private land  0.66    4.24 

No tree gazetting or retention law.  0.65    3.82 

Planning requires fewer landscape units.  0.65    4.02 

Factor 3: Cost and profit      3.66 

Costly tree protection   0.85   3.75 

Lower removal costs than retention costs   0.83   3.70 

High tree maintenance costs   0.80   3.73 

Design changes to retain trees cost more.   0.79   3.76 

Lower removal costs than transplanting.   0.75   3.91 

High-value properties' trees aren’t worth 

retaining. 

  0.68   3.46 

Tree retention yields low profits.   0.60   3.58 

Profit from tree-removed wood.   0.50   3.34 

Factor 4: Preferences   4.01 

Request by influential individuals.    0.76  3.83 

Developers demanded tree removal.    0.72  4.00 

Lack of innovative tree integration.    0.69  4.20 

Factor 5: Tree characteristic 3.86 

Retaining the tree makes it hard to adapt.     0.70 3.82 

Trees with irreparable health issues.     0.67 4.25 

Retaining it threatens safety.     0.65 4.32 

Short tree lifespan.     0.56 3.53 

Non-native or insignificant tree.     0.54 3.74 

Small canopy size or diameter.     0.52 3.53 

 

DISCUSSION 
Overall, the findings of this study suggest that the removal of existing trees is a 

common practice in development areas, which aligns with previous research that 

has identified a correlation between urban tree loss and development activities 

(Brunner & Cozens, 2013; Clark et al., 2020; Croeser et al., 2020; Guo et al., 
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2018). Removing trees is a common practice in development areas, and ALPs 

surveyed shared the unanimous view. Although there were slight differences 

between LPs, most of respondents shared similarities in their perception of 

implementing tree removal practices in development areas. As was expected, the 

ALPs and LPs had slightly different perceptions, given their different 

development roles. This is expected since, in practice, ALPs are responsible for 

preparing landscape plans and tree maintenance reports for certain projects 

compared to LPs (KPKT, 2019). As Kirkpatrick, Davison, & Harwood (2013) 

stated, tree professionals engaged in planning and strategising may have different 

perspectives and motivations than those who directly manage trees on the ground. 

For example, in a different study, certified arborists are more inclined to suggest 

retaining a tree instead of removing it, with four times more than to non-certified 

arborists (Koeser & Smiley, 2017). 

The findings from this study indicate that institutional barrier is the 

primary factors contributing to the removal of trees in development areas. As 

shown in Figure 1, resource availability was identified as the subsequent 

determinant, while cost and profit were ranked as the least influential factors. 

This finding provides further evidence in line with a previous investigation that 

emphasised the presence of institutional deficiencies impeding urban ecosystems 

(Kronenberg, 2014). The institutional constraint potentially be associated with 

the respondent's familiarity with current legislation relating to the retention and 

removal of trees. As Adlin et al. (2017) concludes, although Act 172 has been in 

place for more than two decades, it has made little progress in terms of 

implementation and enforcement. Furthermore, professionals in the construction 

industry have a lower level of awareness of Act 172 than personnel employed by 

local governments (Adlin et al., 2019).  

There was a significant distinction between ALPs and LPs in terms of 

the number of determinants proposed as factors influencing the decision to 

remove trees in development areas. The ALPs presented a set of four factors, 

while the LP posited a separate set of five factors. ALP also believed that the 

spatial and physical conditions of the development site were pivotal in 

determining whether or not trees should be removed. The ALPs believed that 

when determining whether to retain trees in development areas, it was important 

to consider the trees and the surrounding space as a single factor. On the other 

hand, LP considered tree characteristics as a factor in determining whether to 

remove them without considering the characteristics of the surrounding space. 

ALPs were usually involved in the evaluation of tree health, damage, and risk, 

which was closely tied to the planting space's quality, in preparing tree retention 

and removal reports could be linked to the results discussed earlier. This is due 

to the fact that risk assessment is a sequential process that requires careful 

consideration of various target, plant, and site factors, which are strongly 

influenced by professional experience (Koeser et al., 2015). According to Koeser 
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and Smiley (2017) professionals with training and possessed industry credentials 

are found to have lower risk ratings. They are less inclined to recommend more 

proactive mitigation measures such as tree removal. The findings also indicate 

that individual preferences factor impact tree removal decisions for LPs, which 

aligns with previous research conducted by Kirkpatrick, Davison, and Daniels 

(2013) and Kirkpatrick et al. (2012). On the other hand, the ALPs considered 

individual preference as a determinant factor in tree removal by incorporating this 

aspect into the cost and profit factor. In addition, a recent study conducted by 

O’herrin et al. (2022), found that developers often prioritise the removal of small 

trees over large trees. This preference is believed to be influenced by cost and 

profit considerations. 

 

 
 

Figure 1: Group of factors pertinent to tree removal rationale 

 

CONCLUSION 
In conclusion, this study demonstrates that individuals possessing a certificate of 

accreditation exhibit a marginally distinct viewpoint in comparison to those 

lacking a professional certificate. This variety of perceptions leads to diverse 

actions and decisions within the profession regarding trees. Therefore, there is a 

possibility that diverse perceptions within the profession could lead to a variety 

of results, from the selection of which trees to plant, to the care of those trees, to 

the decision to retain or remove existing trees. This study also provides valuable 
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insights into the factors that contribute to tree removal in development areas. 

Institutional barriers are found the primary factor influencing tree removal 

decisions, followed by resource accessibility. Thus, careful consideration of 

institutional factors, particularly concerning the implementation and enforcement 

of Act 172, is necessary for the effective management of urban trees to achieve 

canopy goals. This study proves the necessitates of planning involving all 

pertinent departments, agencies, and units that are responsible for making 

decisions for tree retention in development areas. Future studies may consider 

investigating the perceptions of different landscape professional credentials 

related to site design and construction to strengthen the research findings. 
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Abstract 

 

This paper empirically explored the relationship between Interaction with Nature 

[IN] with three concepts, namely under Human Interdependence [HI], Subjective 

Well-being [SWB], and Maslow’s Hierarchy of Needs [HON]. Research 

Questions: Does the fulfilment of human needs elevate IN? Is it possible for IN 

to increase despite unfulfilled needs, and if so, which human needs have a trivial 

impact on IN? Purpose: This paper aimed to examine the variations of IN in 

relation to the difficulty and convenience of fulfilling human needs. Approach: 

Mann-Whitney U Test was conducted to determine the mean variation of IN 

across the difficulty and convenience of fulfilling 24 human needs. Findings: The 

convenience with which 10 of the human needs could be met significantly 

increased IN. Meanwhile, IN did not differ significantly across the convenience 

and difficulty of meeting the other 12 human needs, signifying their unlikeliness 

to influence IN. Furthermore, an intriguing statistical result was observed where 

fulfilling five of the human needs and fostering IN developed along independent 

trajectories. Additionally, the difficulties in meeting two of the human needs, 

namely (i) clean water and (ii) artistic and cultural freedom, significantly elevated 

nature-interaction. 

 

 

Keywords: interaction with nature, human interdependence with the environment, 

subjective well-being, Maslow’s hierarchy of needs
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INTRODUCTION  
This paper examined the statistical interaction between meeting human needs and 

meaningful nature-interaction. It offers a significant contribution to the ongoing 

research on Human Interdependence with the Environment [HIE] by building 

upon previously published studies. The research also serves as an extension of 

the ongoing exploration in the field of positive psychology with particular 

emphasis on Human Interdependence [HI], Subjective Well-being [SWB], and 

Maslow’s Hierarchy of Needs [HON]. 

 

HUMAN INTERDEPENDENCE 
An increasing body of research has brought to light a novel perspective on a 

critical factor that influences long-term Subjective Well-being [SWB], known as 

Human Interdependence [HI]. SWB encompasses an individual's subjective 

evaluation of happiness, well-being, and life satisfaction by highlighting on the 

emotional, judgmental, and psychological aspects of well-being. While SWB 

centres on the current assessment of well-being, HI is oriented toward the future. 

HI focuses on the idea that changes in one's well-being are reciprocally linked to 

changes in the well-being of those around them due to their contributions. 

Consequently, the contributions one imparts to others have a positive impact on 

their SWB. Several authors firmly assert that HI plays a vital role in fostering 

sustainable well-being (Garcia et al., 2015; Kjell, 2011). 

The characteristics of HI encompass both internal emotions and 

external circumstances. These features include belief systems, learned 

experiences, daily routines, involuntary actions, and intentional behaviours that 

instigate changes in the surrounding environments and, in turn, impact 

individuals' sustainable SWB. There are two recognized contexts of HI, namely 

Human Interdependence with Other Humans [HIH] and Human Interdependence 

with the Environment [HIE]. The two contexts can be expanded into four 

dimensions, as shown in Figure 1.  

As part of a greater scientific investigation (Abu Bakar et al., 2020a; 

Abu Bakar et al., 2020b; Abu Bakar et al., 2018; Abu Bakar et al., 2017a; Abu 

Bakar et al., 2017b), this paper focuses on the second dimension of HIE, namely 

Interaction with Nature [IN]. 

 

INTERACTION WITH NATURE 
Interaction with Nature [IN] is the second dimension of HIE that focuses on 

emotional empathy, closeness, familiarity, and both voluntary and involuntary 

interactions with the natural world. Among the numerous traits of IN are the 

desire to be closer to the natural environment, understanding of and empathy 

toward the natural environment, and health-related implications associated with 

one’s natural surroundings (Abu Bakar et al., 2021; Abu Bakar et al., 2020c). 
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Figure 1: Dimensions of HIH and HIE  
Source: Abu Bakar et al., 2017 

 

IN emphasizes a sense of dependability on nature, resulting in HIE. 

Through these encounters, humans acquire greater awareness of their impact on 

the ecosystem and the interconnectedness of all living species. Such recognition 

develops a sense of duty for the ecosystem's and other species' well-being, 

supporting conservation initiatives and sustainable practices. IN also triggers the 

feelings of awe and amazement in the presence of natural environment. As a 

result, individuals will become attached to nature, ultimately discovering a 

profound sense of meaning and importance within the broader ecological web of 

life. IN also prompts individuals to develop a sense of compassion for the 

environment and other living beings. This altruistic perspective aligns with the 

transcendent value of recognizing and contributing to something beyond oneself. 

The construction of IN indicators based on insights from numerous literature(Abu 

Bakar et al., 2018; Abu Bakar et al., 2017a; Abu Bakar et al., 2017b), can be 

observed in Table 1. 

 
Table 1: Definition, Factors and Indicators of Interaction with Nature (IN) 

Definition Factor Code Indicators 

Internal and 

external 

emotions and 

aptitudes  

towards the 

natural 

environment 

expressed 

through contact 

with nature 

Nature 

Attachment  

IN01 outdoor environment determining own health and wellness  

IN02 being able to recall experiences in the natural environment  

Knowledge and 

Capability 

IN03 being able to adapt to various outdoor surroundings  

IN04 being able to see and hear what others usually miss in nature  

IN05 being able to notice scientific details of nature 

IN06 being able to cope with the outdoor environment  

Inclination 

towards Nature 

IN07 feeling the urge to spend time in the natural environment 

IN08 tending to lose concentration without contact with nature  

IN09 tending to have objects from the outdoors in personal space  

IN10 spending time planting at home  
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HUMAN NEEDS FULFILLMENT AND WELLBEING 
Maslow's Hierarchy of Needs [HON] was originally a five-level hierarchy 

outlining the stages of human motivation  (Maslow, 1943). The hierarchy was 

split into two sets: Deficiency Needs and Growth Needs. The four Deficiency 

Needs were Physiological Needs, Safety Needs, Love and Belonging Needs, and 

Esteem Needs, arranged in the order of urgency. The Growth Needs, on the other 

hand, was linked to self-actualization. In the 1960s and 1970s, the initial five 

stages of HON evolved to eight where Maslow (1962) classed Cognitive Needs 

and Aesthetic Needs as part of the Growth Needs. Maslow (1970) later included 

Transcendence Needs as the eighth and final stage of HON (see Figure 2). 

Deficiency Needs are the basic needs that ensue from deprivation. 

When these needs are neglected, the urge to meet them intensifies with time. 

Persistent hunger, for example, worsens hunger. On the contrary, Growth Needs 

are psychological and can be fulfilled by taking part in cerebral and creative 

commitments. It stems from the inner desire to improve and develop as an 

individual. As the pinnacle of HON, Transcendence Needs can be pursued when 

the remaining growth needs are met. However, life challenges, such as divorce or 

unemployment, may cause oscillation across the different stages of HON. In 

reality, individuals are unlikely to progress through HON in a single direction, 

but they do fluctuate between the different levels. 

According to Maslow (1943), individuals must first fulfil the low-level 

needs before progressing to the next stage of HON. For instance, meeting Esteem 

Needs is a prerequisite for meeting Cognitive Needs, and the same criteria apply 

across other HON stages. Maslow (1987) later clarified that satisfying a need is 

not a definitive, binary choice event. He confirmed that his earlier remarks could 

have created a misleading belief that a need must be entirely met before 

individuals can move to the next one. Needs that are lower on the HON tend to 

be the ones individuals have made the most progress toward, and the majority of 

people seem to have partially met these needs. Since human needs are adaptable 

and fluid, individuals can address several needs at once (Abu Bakar, 2022). 

Two contrasting viewpoints are presented in the literature. First, human 

needs must first be met before SWB can be achieved. This means that SWB is 

impossible without unmet needs. Second, excessively compensating for certain 

needs could render individuals’ ill-being. For instance, material wealth leading to 

unhappiness is an illustration of how addressing certain needs can be superficial.  

Some contend that conquering hardships, such as unfulfilled needs, enables 

individuals to be profoundly invested in the meanings and purposes of their lives. 

It is intriguing how, in certain cases, having needs that are only partially satisfied 

or unmet can offer life more purpose and improve SWB. Through extensive 

literature searches and surveys, this investigation discovered 24 indicators that 

outline human needs under each of the eight HON stages (see Figure 3).  
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  HON UNDERSTANDING 

D
E

F
IC

IE
N

C
Y

 N
E

E
D

S
 

1 
Physiological 

Needs 

The body’s need for balance and consistent levels in different bodily systems 

is called homeostasis. It is driven by survival instincts like seeking shelter, 

water, food, warmth, rest, and good health. Until this need is met, all other 

needs are secondary. 

2 
Safety and 

Security Needs 

The need for safety and security in one’s life and surroundings involve seeking 

protection from violence, health threats, sickness, and economic pressures in 

order to thrive in modern societies. 

3 
Belonging and 

Love Needs 

The need for love and a sense of belonging is fulfilled through supportive and 

communicative friendships, family, and intimate relationships. Deprivation of 

these needs can lead to feelings of guilt, loneliness, depression, or low 

extraversion values. 

4 
Esteem 

Needs 

The need for self-confidence and recognition is fulfilled through positive 

feelings of self-worth achieved via accomplishments, appreciation, and 

recognition. Without meeting this need, one may experience feelings of 

inferiority. 

G
R

O
W

T
H

 N
E

E
D

S
 

5 
Cognitive 

Needs 

The need for knowledge and understanding is fulfilled by yearning for 

learning, exploration, discovery, and creation to better understand the world. 

Failure to fulfil this need may result in confusion and identity crisis. 

6 
Aesthetic 

Needs 

The need to appreciate and connect with nature’s beauty which involves taking 

time to immerse oneself in natural surroundings, allowing the sights, sounds, 

and sensations of the environment to refresh and rejuvenate the mind and 

body. 

7 
Self-

Actualization 

The instinctual need to maximize one’s abilities and strive to be the best 

leading to a feeling of generativity –the desire to vote, contribute, volunteer, 

nurture and guide others to the well-being and growth of future generations or 

to outlast oneself. 

8 
Transcendence 

Needs 

The need to surpass self-centeredness, and assist others in self-fulfilment and 

unlocking potential, also known as spiritual needs – when fulfilled, results in 

a sense of integrity, elevating one’s existence to a higher plane. 

Figure 2: Understanding of the Stages in the Hierarchy of Human Needs 
Source: Abu Bakar et al., 2022 
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Figure 3: Human Needs Indicators 

Source: Abu Bakar et al., 2022 

 

TRANSCENDENCE AND INTERACTION WITH NATURE 
Researchers believe that HON delivers a valuable take on the factors influencing 

SWB. This suggests that SWB can be enhanced by paying attention and tending 

to human needs, which can be prioritized and experienced differently according 

to individuals' personalities and circumstances. Both HON and SWB pursuits are 

heavily individualized; there are no set procedures for pursuing them. Some 

people may attain SWB through artistic activities, while others achieve SWB 

through relationships or by engaging in altruistic activities for the greater good. 

Maslow (1970) further asserted that relatively few people in the world have 

experienced transcendence since it is the apex of HON and requires immense 

personal development and introspection. Those who achieve transcendence relish 

a tremendous sense of contentment and inner peace by improving the lives of 

others and serving the common good. 

Transcendence is the desire and ability of individuals to become one 

with something larger or beyond their individual selves. Individuals reach 

selflessness and discover significant meaning and purpose in a broader cause by 

transcending their own identities alongside personal concerns (Koltko-rivera, 

2015). Conversely, transcendence can mean pursuing a sense of oneness with the 

universe, nature, or a higher power, depending on one's views and ideals. 

STAGES OF HUMAN NEEDS  HON # HUMAN NEEDS INDICATORS 

Essential Requirements 
 

In the absence of them, 
 the living system of mankind  

is obstructed. 
D

E
F

IC
IE

N
C

Y
 N

E
E

D
S

 

Physiological 
Needs 

HN01 Nutritional and Wholesome Food 

HN02 Access to Medical Care 

HN03 Clean Water (for Drinking and Washing) 

HN04 Clean and Fresh Air 

HN05 Functional and Well-Maintained Lavatory 

Safety & Security  
Needs 

HN06 Sufficient Electrical Supply 

HN07 Affordable Housing and Conveniences 

HN08 Financial Security and Stability 

HN09 Personal Safety and Security 

HN10 Health Insurance 

Supplementary Requisites 
 

In the absence of them, the  
living system is not obstructed  
but lives would be challenging 

Belonging &  
Love Needs 

HN11 Work-Life Balance 

HN12 Social Acceptance and Cultural Inclusivity 

HN13 Reliable Communication Network 

HN14 Access to Internet with Reliable Connectivity 

Esteem Needs 
HN15 Primary Education Attainment 

HN16 Secondary Education Attainment 

Aspired Prospects 
 

In the absence of them,  
the living system is not 

obstructed and lives would  
not be too challenging G

R
O

W
T

H
 N

E
E

D
S

 Cognitive Needs 
HN17 Tertiary Education Attainment 

HN18 Employment Prospects and Opportunities 

Aesthetic Needs 
HN19 Well-Kept Areas for Recreational Activities 

HN20 Rich Biodiversity of Flora and Fauna 

Self-Actualization 

HN21 Rights to Participate in Leadership Selection 

HN22 Freedom of Expression 

HN23 Opportunities Free from Corruption 

HN24 Artistic and Cultural Freedom 
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Nature has long served as a source of inspiration for artists, philosophers, and 

spiritual seekers. Engaging with nature elicit feelings of awe, amazement, and 

contemplation, ultimately offering a context for deep reflection and 

transcendence. In this regard, IN enriches focus as well as being entirely present 

in the moment. This state of mind corresponds to the essence of transcendence 

since both require heightened awareness of the present moment and a sensation 

of pushing beyond regular limitations (Abu Bakar et al., 2021; Abu Bakar et al., 

2020c). Experiencing transcendence through IN cultivates a sense of tranquillity, 

profound introspection, and interconnectedness with the environment. 

 

RESEARCH QUESTIONS  
In light of this knowledge, the following questions were investigated in the paper: 

Does the fulfilment of human needs elevate IN? If yes, which human needs do 

this? Alternatively, is it possible for IN to increase despite unfulfilled needs, and 

if so, which human needs have a trivial impact on IN? 

 

METHOD 
An examination of 4,315 samples of Malaysian respondents was undertaken 

ensuing the data screening process. The respondents approached online and were 

required to respond to 10 self-reported IN items via an 11-point Likert scale. The 

Kolmogorov-Smirnova test revealed that the data was not normally distributed. 

Therefore, Mann-Whitney U Test was employed to calculate the variations of IN 

across the convenience and difficulty in satisfying 24 human needs.  
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FINDINGS 
The following tabulations show the (i) mean distribution of IN items, (ii) Mann-

Whitney U Test results, and (iii) Mann-Whitney U Test results’ interpretation. 

 
Table 2: Mean Distribution of IN Items 

Indicators Code x̅ x̅IN 

My health and wellbeing depend on the outdoor environment that I live in  IN01 8.27 

7.81 

I can recall old and pleasant experience when I was in the natural environment  IN02 8.19 

I can easily adapt to various types of outdoor temperature and surroundings  IN03 7.82 

I can see and hear what others usually miss in the natural environment  IN04 7.75 

I easily notice scientific details of the natural environment when I am outdoor  IN05 7.38 

I can cope the outdoor environment physically, emotionally, and intellectually  IN06 7.74 

I feel the urge to spend time with nature after a long week being indoor  IN07 7.91 

I tend to lose concentration without sufficient contact with nature  IN08 7.77 

I tend to have objects from the natural environment in my personal space  IN09 7.66 

I spend some time planting at home  IN10 7.60 

Note. Mean Distribution of IN Items (x̅) and Overall Mean of IN (x̅IN) 

 
Table 3: Mann Whitney U-Test Results 

HON      

STAGES 

HUMAN 

NEEDS 

Difficult Convenient 
U z p 

N x̅R x ̃ N x̅R x ̃

Physiological  

Needs 

HN1 336 2137.64 7.9 3979 2159.72 8.0 661632.5 -.312 .755 

HN2 423 2076.00 7.8 3892 2166.91 8.0 788473.5 -1.426 .154 

HN3 392 2348.89 8.2 3923 2138.93 7.9 694079.0 -3.183 .001 

HN4 1330 2002.27 7.8 2985 2227.39 8.0 1777905.0 -5.483 .000 

HN5 805 2098.78 7.9 3510 2171.58 8.0 1365100.5 -1.496 .135 

Safety &  

Security  

Needs 

HN6 428 2087.98 7.9 3887 2165.71 8.0 801849.0 -1.225 .220 

HN7 1114 2179.42 8.0 3201 2150.54 8.0 1759090.5 -.667 .505 

HN8 1861 2083.48 7.9 2454 2214.51 8.0 2144770.5 -3.423 .001 

HN9 1578 2010.32 7.8 2737 2243.14 8.0 1926460.0 -5.914 .000 

HN10 1325 2041.66 7.8 2990 2209.55 8.0 1826728.5 -4.085 .000 

Belonging & 

Love Needs 

HN11 1582 1991.20 7.7 2733 2254.55 8.1 1897920.0 -6.693 .000 

HN12 1310 2023.32 7.8 3005 2216.71 8.0 1791840.5 -4.690 .000 

HN13 328 2171.30 8.0 3987 2156.91 8.0 649505.0 -.201 .841 

HN14 923 2173.37 8.0 3392 2153.82 8.0 1551218.0 -.423 .672 

Esteem Needs 
HN15 313 2284.32 8.1 4002 2148.12 7.9 586775.0 -1.863 .062 

HN16 390 2148.64 7.9 3925 2158.93 8.0 761726.5 -.156 .876 

Cognitive Needs 
HN17 836 2107.19 7.9 3479 2170.21 8.0 1411744.0 -1.314 .189 

HN18 1678 2091.32 7.9 2637 2200.43 8.0 2100553.0 -2.805 .005 

Aesthetic Needs 
HN19 1430 1993.60 7.8 2885 2239.49 8.1 1827686.5 -6.105 .000 

HN20 1453 1929.85 7.7 2862 2273.83 8.1 1747747.5 -8.574 .000 

Self- 

Actualization 

HN21 1823 2041.64 7.8 2492 2243.12 8.1 2059330.0 -5.249 .000 

HN22 336 2137.64 7.9 3979 2159.72 8.0 661632.5 -.312 .755 

HN23 423 2076.00 7.8 3892 2166.91 8.0 788473.5 -1.426 .154 

HN24 392 2348.89 8.2 3923 2138.93 7.9 694079.0 -3.183 .001 

Note. Mean Rank of x̅Σ IN across Difficult and Convenient; Bold and highlighted shows higher mean rank. 
 

The analysis showed that 12 out of 24 test results were statistically significant, 

therefore suggesting that IN was statistically convenient in fulfilling all of the 

highlighted human needs (see Table 3).   



Aisyah Abu Bakar 

Meaningful Nature-Interaction with Human Needs Maturity 

© 2023 by MIP 196 

Table 4: Mann Whitney U-Test Results Interpretation 
HON HUMAN NEEDS INTERPRETATION 

P
h

y
si

o
lo

g
ic

al
 N

ee
d

s 

Nutritional and 

Wholesome Food 

Respondents who indicated convenient had higher mean rank (N = 3979, x̅R 

= 2159.72) than those who reported difficult (N = 336, x̅R = 2137.64), but 

the difference did not reach statistical significance (U = 661632.5, p = .755). 

Access to  

Medical Care 

Respondents who indicated convenient had higher mean rank (N = 3892, x̅R 

= 2166.91) than those who reported difficult (N = 423, x̅R = 2076.00), but 

the difference did not reach statistical significance (U = 788473.5, p = .154). 

Clean Water  

(For Drinking and 

Washing) 

Respondents who indicated difficult had higher mean rank (N = 392, x̅R = 

2348.89) than those who reported convenient (N = 3923, x̅R = 2138.93). A 

significant statistical difference was observed (U = 694079.0, p = .001). 

Clean and Fresh Air 

Respondents who indicated convenient had higher mean rank (N = 2985, x̅R 

= 2227.39) than those who reported difficult (N = 1330, x̅R = 2002.27). A 

significant statistical difference was observed (U = 1777905.0, p = .000). 

Functional and Well-

Maintained Lavatory 

Respondents who indicated convenient had higher mean rank (N = 3510, x̅R 

= 2171.58) than those who reported difficult (N = 805, x̅R = 2098.78), but 

the difference did not reach statistical significance (U = 1365100.5, p = .135). 

S
af

et
y
 a

n
d

 S
ec

u
ri

ty
 N

ee
d
s 

Sufficient Electrical 

Supply 

Respondents who indicated convenient had higher mean rank (N = 3887, x̅R 

= 2165.71) than those who reported difficult (N = 428, x̅R = 2087.98), but 

the difference did not reach statistical significance (U = 801849.0, p = .220). 

Affordable Housing 

and Conveniences 

Respondents who indicated difficult had higher mean rank (N = 1114, x̅R = 

2179.42) than those who reported convenient (N = 3201, x̅R = 2150.54), but 

the difference did not reach statistical significance (U = 1759090.5, p = .505). 

Financial Security 

and Stability 

Respondents who indicated convenient had higher mean rank (N = 2454, x̅R 

= 2214.51) than those who reported difficult (N = 1861, x̅R = 2083.48). A 

significant statistical difference was observed (U = 2144770.5, p = .001). 

Personal Safety and 

Security 

Respondents who indicated convenient had higher mean rank (N = 2737, x̅R 

= 2243.14) than those who reported difficult (N = 1578, x̅R = 2010.32). A 

significant statistical difference was observed (U = 1926460.0, p = .000). 

Health Insurance 

Respondents who indicated convenient had higher mean rank (N = 2990, x̅R 

= 2209.55) than those who reported difficult (N = 1325, x̅R = 2041.66). A 

significant statistical difference was observed (U = 1826728.5, p = .000). 

B
el

o
n

g
in

g
 a

n
d

 L
o

v
e 

N
ee

d
s Work-Life Balance 

Respondents who indicated convenient had higher mean rank (N = 2733, x̅R 

= 2254.55) than those who reported difficult (N = 1582, x̅R = 1991.20). A 

significant statistical difference was observed (U = 1897920.0, p = .000). 

Social Acceptance 

and Cultural 

Inclusivity 

Respondents who indicated convenient had higher mean rank (N = 3005, x̅R 

= 2216.71) than those who reported difficult (N = 1310, x̅R = 2023.32). A 

significant statistical difference was observed (U = 1791840.5, p = .000). 

Effective 

Communication 

Network 

Respondents who indicated difficult had higher mean rank (N = 328, x̅R = 

2171.30) than those who reported convenient (N = 3987, x̅R = 2156.91), but 

the difference did not reach statistical significance (U = 649505.0, p = .841). 

Access to Internet 

with Reliable 

Connectivity 

Respondents who indicated difficult had higher mean rank (N = 923, x̅R = 

2173.37) than those who reported convenient (N = 3392, x̅R = 2153.82), but 

the difference did not reach statistical significance (U = 1551218.0, p = 672.). 

E
st

ee
m

 N
ee

d
s 

Primary Education 

Attainment 

Respondents who indicated difficult had higher mean rank (N = 313, x̅R = 

2284.32) than those who reported convenient (N = 4002, x̅R = 2148.12), but 

the difference did not reach statistical significance (U = 586775.0, p = .062). 

Secondary Education 

Attainment 

Respondents who indicated convenient had higher mean rank (N = 390, x̅R 

= 2158.93) than those who reported difficult (N = 3925, x̅R = 2148.64), but 

the difference did not reach statistical significance (U = 761726.5, p = .876). 

C
o

g
n

it
iv

e 
N

ee
d

s 

Tertiary Education 

Attainment 

Respondents who indicated convenient had higher mean rank (N = 3479, x̅R 

= 2170.21) than those who reported difficult (N = 836, x̅R = 2107.19), but 

the difference did not reach statistical significance (U = 1411744.0, p = .189). 

Employment 

Prospects and 

Opportunities 

Respondents who indicated convenient had higher mean rank (N = 2637, x̅R 

= 2200.43) than those who reported difficult (N = 1678, x̅R = 2091.32). A 

significant statistical difference was observed (U = 2100553.0, p = .005). 

Note. Result Interpretation of Mann Whitney U Test; Bold & Highlighted shows statistically significant output. 
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Table 4: Mann Whitney U-Test Results Interpretation (continued) 
HON HUMAN NEEDS INTERPRETATION 

A
es

th
et

ic
  

N
ee

d
s 

Well-Kept Areas  

for Recreational 

Activities 

Respondents who indicated convenient had higher mean rank (N = 2885, x̅R 

= 2239.49) than those who reported difficult (N = 1430, x̅R = 1993.60). A 

significant statistical difference was observed (U = 1827686.5, p = .000). 

Rich Biodiversity  

of Flora and Fauna 

Respondents who indicated convenient had higher mean rank (N = 2862, x̅R 

= 2273.83) than those who reported difficult (N = 1453, x̅R = 1929.85). A 

significant statistical difference was observed (U = 1747747.5, p = .000). 

S
el

f-
A

ct
u

al
iz

at
io

n
 

N
ee

d
s 

Rights to 

Participate in 

Leadership 

Selection 

Respondents who indicated convenient had higher mean rank (N = 2492, x̅R 

= 2243.12) than those who reported difficult (N = 1823, x̅R = 2041.64). A 

significant statistical difference was observed (U = 2059330.0, p = .000). 

Freedom of 

Expression 

Respondents who indicated convenient had higher mean rank (N = 3979, x̅R 

= 2159.72) than those who reported difficult (N = 336, x̅R = 2137.64), but 

the difference did not reach statistical significance (U = 661632.5, p = .755). 

Opportunities Free 

from Corruption 

Respondents who indicated convenient had higher mean rank (N = 3892, x̅R 

= 2166.91) than those who reported difficult (N = 423, x̅R = 2076.00), but 

the difference did not reach statistical significance (U = 788473.5, p = .154). 

Artistic and 

Cultural Freedom 

Respondents who indicated difficult had higher mean rank (N = 392, x̅R = 

2348.89) than those who reported convenient (N = 3923, x̅R = 2138.93). A 

significant statistical difference was observed (U = 694079.0, p = .001). 

Note. Result Interpretation of Mann Whitney U Test; Bold & Highlighted shows statistically significant output. 

 
Table 5: Summary of Findings 

Statistically Significant Difference Established (p < .000) Difference Did Not Reach Significance 

Condition 1:  

IN Increase with Difficulty 

Condition 2:  

IN Increase with Convenient 

Condition 3:  

Neither Change IN 

The difficulty to meet the 

human need increases IN, or 

IN is greater with difficulty to 

meet the human need. 

The convenience to meet the 

human need increases IN, or 

IN is greater with convenience to 

meet the human need. 

Neither convenience or difficulty to 

meet the human need increases IN, or 

IN does not change with convenience 

nor difficulty to meet the human need. 
 

 HON Code Human Needs  Findings/Condition 

D
E

F
IE

N
C

Y
 N

E
E

D
S

 

Physiological  

Needs 

HN01 Nutritional and Wholesome Food Condition 3 

HN02 Access to Medical Care Condition 3 

HN03 Clean Water (for Drinking and Washing) Condition 1 

HN04 Clean and Fresh Air Condition 2 

HN05 Functional and Well-Maintained Lavatory Condition 3 

Safety &  

Security  

Needs 

HN06 Sufficient Electrical Supply Condition 3 

HN07 Affordable Housing and Conveniences Condition 3 

HN08 Financial Security and Stability Condition 2 

HN09 Personal Safety and Security Condition 2 

HN10 Health Insurance Condition 2 

Belonging & 

Love Needs 

HN11 Work-Life Balance Condition 2 

HN12 Social Acceptance and Cultural Inclusivity Condition 2 

HN13 Reliable Communication Network Condition 3 

HN14 Access to Internet with Reliable Connectivity Condition 3 

Esteem Needs 
HN15 Primary Education Attainment Condition 3 

HN16 Secondary Education Attainment Condition 3 

G
R

O
W

T
H

 N
E

E
D

S
 

Cognitive Needs 
HN17 Tertiary Education Attainment Condition 3 

HN18 Employment Prospects and Opportunities Condition 2 

Aesthetic Needs 
HN19 Well-Kept Areas for Recreational Activities Condition 2 

HN20 Rich Biodiversity of Flora and Fauna Condition 2 

Self- 

Actualization 

HN21 Rights to Participate in Leadership Selection Condition 2 

HN22 Freedom of Expression Condition 3 

HN23 Opportunities Free from Corruption Condition 3 

HN24 Artistic and Cultural Freedom Condition 1 
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The mean distribution across IN items, varying from 7.38 to 8.27, 

indicated that the Malaysian respondents had a strong positive sentiment on IN 

(see Table 2). All of them were asked to indicate whether the human needs were 

convenient or difficult to meet. Most respondents—between half and three-

quarters—claimed it was convenient to meet all of the 24 needs (see Table 3). 

The Mann-Whitney U Test was then performed using the averaged means of all 

IN items. The mean variations of IN were compared between two positions 

(convenient and difficult). 

The statistical findings indicated that IN increased when 10 of the 

human needs were convenient to meet. These needs were (i) clean and fresh air, 

(ii) financial security and stability, (iii) personal safety and security, (iv) health 

insurance, (v) work-life balance, (vi) social acceptance and cultural inclusivity, 

(vii) employment prospects and opportunities, (viii) well-kept areas for 

recreational activities, (ix) rich biodiversity of flora and fauna, and (x) rights to 

participate in leadership selection. Interestingly, the difficulty of meeting 2 of the 

human needs, namely (i) clean water and (ii) artistic and cultural freedom, 

significantly elevated IN. Nevertheless, IN did not significantly change with 

convenience nor difficulty to fulfil the remaining 12 human needs (see Table 4 

and Table 5. 

 

DISCUSSION AND CONCLUSION 
Interestingly, the findings showed that difficulties in meeting clean water and 

artistic and cultural freedom as well as convenience in meeting the 10 of 

highlighted human needs fosters nature-interaction. Additionally, meeting human 

needs and fostering IN can grow along separate paths, as evidenced by the lack 

of statistical interactions between IN and the remaining 12 human needs. 

Difficulties in access to clean water may drive individuals to become 

ecologically conscious and advocate for water conservation. When individuals 

are inaccessible to clean water infrastructure, they may turn to nature as the 

natural source for crucial backup options. A greater connection to nature and its 

cycles may be fostered through difficulties in getting clean water. As individuals 

grow more conscious of the need to protect and maintain water supplies, they 

may interact with nature more to better understand its dynamics and manage 

water resources. 

The concept of compensatory behaviour in psychology may help to 

explain why there was a significant rise in IN when artistic and cultural freedom 

were difficult to attain. Individuals may seek solace and fulfilment elsewhere 

when faced with restrictions in one area of their lives. An opportunity to detach 

from daily struggles and experience serenity and tranquillity can be found by 

spending time in nature. This suggests that immersion in nature provides means 

for unconstrained self-expression. Additionally, a sense of independence and 

release from restraints can be attained via IN.  
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Abstract 

 

Competitive cities are known for their substantial economic growth, high 

incomes, and the ability to attract foreign investments. While a strong economy 

is crucial, other factors such as effective governance, efficient transportation, 

adequate housing, social inclusivity, and environmental sustainability also 

contribute to a city's competitiveness. This paper aims to assess the economic 

competitiveness of border districts in northern Peninsular Malaysia. Border cities 

hold significant importance following their proximity to neighbouring countries, 

subsequently offering advantages in terms of trade opportunities, cultural 

exchange, diplomatic relations, security, and socio-cultural integration. This 

research employed the quantitative method to measure the competitiveness level 

of 10 districts using economic and socioeconomic statistical data from the 

Department of Statistics Malaysia. The results indicated a distinct disparity 

among the districts along the Malaysia-Thailand border. In particular, the western 

districts of Perlis and Kubang Pasu displayed a higher level of economic 

development compared to the rural eastern districts due to their economic 

diversity and close proximity to industrial hubs such as Penang, Sungai Petani, 

and Songkhla in Southern Thailand. Furthermore, the strategic locations of the 

busiest international entry points, Bukit Kayu Hitam and Padang Besar, 

contribute significantly to the importance of logistics in these areas. In contrast, 

the middle and eastern districts heavily rely on agricultural activities, resulting in 

lower average incomes and higher poverty rates. 

 

 

Keywords: Competitive cities, Competitiveness index, Economic growth, Border 

towns, Malaysia-Thailand
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INTRODUCTION  
Cities around the world continue to urbanise and eventually compete with each 

other. Competitive cities typically experience significant economic growth, high 

incomes, and attract foreign investments. While economies play a crucial role in 

city competitiveness, the phenomenon is also believed to be contributed by 

various other factors, such as good governance, efficient transportation and traffic 

management, sufficient housing, social inclusivity, and environmental 

sustainability.  

There is a growing body of literature that studies city competitiveness 

(see Sáez & Periáñez, 2015; Sáez, Periáñez, & Saizarbitoria, 2017; Sgambati & 

Gargiulo, 2022; Tennøy, Gundersen, & Øksenholt, 2022). However, many of 

these studies use different approaches to define and measure urban 

competitiveness due to the multitude of variables and factors involved. Sáez et 

al. (2015) introduced three dimensions to examine city competitiveness: basic 

dimension, efficiency dimension, and innovation dimension. Harris (2007), on 

the other hand, used different dimensions related to transportation, security, and 

housing. Moreover, the Economic Planning Unit (2015) created a 

multidimensional framework to define city competitiveness, which includes 

economic growth, good urban governance, social inclusion, and environmental 

sustainability. Due to the complexity of factors driving city competitiveness, 

researchers have been unable to establish a universal definition or standardised 

measurement methods. Therefore, studying these various dimensions and factors 

can provide a better understanding of city competitiveness and identify strategies 

to enhance it. 

The aim of this research was to evaluate the competitiveness of northern 

international border cities in Peninsular Malaysia. Border towns are significant 

due to their proximity to neighbouring countries and unique geographic location. 

They offer advantages such as trade opportunities, cultural exchange, diplomatic 

relations, security, and socio-cultural integration. Additionally, these towns serve 

as trade hubs, promote cross-cultural understanding, facilitate diplomacy, ensure 

border control, and encourage collaboration in various fields. Harnessing the 

potential of border towns can bring substantial benefits to both local communities 

and the broader region. Assessing various dimensions and factors of such notion 

will offer insights into the competitiveness of these districts. Findings from this 

research shall provide valuable information for policymakers and city planners in 

enabling them to identify strengths and weaknesses, develop strategies for 

improvement, and enhance the overall competitiveness of the districts.  
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LITERATURE REVIEW 
Definition of urban competitiveness 

Researchers have used various methodologies and criteria to evaluate cities' 

competitiveness. However, there is currently no widely accepted universal set of 

definitions, methodologies, frameworks, and criteria for assessing 

competitiveness (Economic Planning Unit, 2015). Studies on urban 

competitiveness recognise that it is complex in nature, involving multiple 

dimensions and characteristics that influence cities' ability to attract investments, 

generate employment, and attract a skilled workforce (Sgambati & Gargiulo, 

2022). 

According to Sáez and Periáñez (2015), urban competitiveness refers 

to the ability of cities to meet the demands of national and global markets while 

improving the socioeconomic quality of life for their residents through 

sustainable development. Cities with strong and stable economies have a certain 

level of autonomy from their national economies and can compete on a global 

scale. The performance of a country's economy is influenced by the 

competitiveness of its cities, which are less dependent on domestic markets. It 

involves creating favourable conditions for economic activities to thrive, 

subsequently attracting investment as well as generating wealth and employment 

(Sáez, Periáñez, & Saizarbitoria, 2017). 

Competition and competitiveness are two interconnected yet distinct 

concepts. Competitiveness is the result of competition, and cities need to be 

competitive to thrive (Sáez & Periáñez, 2015). A competitive city creates an 

environment that is conducive to competitiveness with effective public 

institutions, innovative businesses, and supportive infrastructure. Achieving true 

competitiveness requires the presence of resources, capabilities, and institutions 

that leverage the city's competitive advantage. However, not all cities compete 

under the same conditions and they vary in terms of resources, strength, and 

capabilities to contend with competitors. 

A recent study conducted by the UNHABITAT & CASS (2020) 

indicated that the global economic competitiveness of cities in 2019 and 2020 

was influenced by a decline in the average urban competitiveness across major 

countries such as China, the United States, and Europe. This subsequently 

prompted a slight decrease in global urban competitiveness. Essentially, the 

ongoing trade war among these countries not only undermines the urban 

competitiveness of each nation but also carries negative implications for global 

urban competitiveness and overall welfare. 
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Characteristics of competitive cities 

According to the 2005 to 2012 data from the World Bank Group (2015), the 

difference between comparative and average cities mainly lies on four main 

characteristics. The first characteristic is accelerated economic growth where the 

top 10 percent of cities experienced an impressive annual Gross Domestic 

Product (GDP) per capita growth of 13.5 percent, while the average cities only 

saw a growth of 4.7 percent. The second characteristic is significant job growth 

where the top 10 percent of cities achieved an annual job growth rate of 9.2 

percent, which was significantly higher than the 1.9 percent obtained by the 

remaining 90 percent of cities. The third characteristic is increased income and 

productivity where the top 10 percent of cities recorded a notable yearly increase 

of 9.8 percent in the average disposable income of their households. The final 

characteristic is attraction for Foreign Direct Investment (FDI) where the top 5 

percent of cities attracted an amount of FDI that was equal to the combined FDI 

of the bottom 95 percent of cities. 

Furthermore, the study by Sáez, Periáñez, and Saizarbitoria (2017) also 

confirmed the importance of economic activity and innovation dimension as the 

key drivers of urban competitiveness and development in Europe. The service 

sector emerged as highly significant across all factors related to economic 

activity. This sector relies on a skilled workforce and higher education, making it 

a crucial determinant of urban competitiveness. Similarly, factors such as 

knowledge generation, information and communication technologies (ICT), and 

the sophistication of high-value organisations play a critical role within the 

innovation dimension. 

Apart from economic factors, Harris (2007) examined the 

competitiveness of cities in four Latin American countries by focusing on three 

sectors: transportation, security, and housing. The transportation sector emerged 

as the most critical following its involvement in global supply chains. While the 

physical infrastructure of transportation (e.g., highways, airports, and seaports) 

often receives the most attention, effective management of traffic flow within the 

city holds even greater economic significance. This indicates that insufficient 

traffic management can directly impede the cities’ economic competitiveness. 

Moreover, these cities play a vital role in meeting the demands of external 

consumers through markets, retail trades, and the provision of producer services. 

Similarly, a study by Gundersen, Langeland, and Aarhaug (2016) 

explored the factors that made certain parts of the city in the Oslo region, Norway 

to be more appealing to businesses and individuals. They examined the 

attractiveness of cities by considering factors such as location, proximity, and 

accessibility. Both accessibility and the efficiency of the transport system were 

found to be significant in enhancing the city’s appeal and fostering industrial 

development, although certain variations existed across industries. However, it is 

important to note that an efficient transport system alone is insufficient to make 
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specific areas of a city attractive to particular industries. Several other location-

based factors, including labour availability, land availability, access to capital, 

and the presence of managerial and technical skills, can also influence the overall 

attractiveness and competitiveness of a city. 

In addition to these empirical studies, several dimensions have also 

been identified as contributing factors to urban competitiveness. This includes 

social and cultural capital, housing, quality of life and place, public institutions, 

infrastructure, accessibility, environment, economy and employment, city 

branding, as well as research and innovation (Sgambati & Gargiulo, 2022).  

In the Malaysian context, the Economic Planning Unit (2015) adopted 

a multi-dimensional framework to define competitive cities in order to provide 

recommendations that can assist Malaysia in advancing towards a system of 

competitive cities. The key elements encompassed within this framework include 

economic growth, effective urban governance, social inclusion, and 

environmental sustainability. First, cities drive economic growth through the 

availability of skilled workers, connectivity, and a thriving knowledge-based 

economy. Nevertheless, challenges like inadequate infrastructure may hinder 

growth. Second, effective urban governance is important to provide services, fair 

markets, and a sustainable environment. Third, inclusive cities often promote 

social or public participation and well-being, subsequently addressing 

inequalities and reducing crime. Finally, environmental sustainability is vital for 

cities to balance economic and social needs; however, it requires a careful 

assessment of infrastructure trade-offs. Additionally, green and resilient 

investments are crucial for cities to achieve economic returns, enhance quality of 

life, and attract talent, ultimately contributing to its competitiveness. 

 

RESEARCH METHODOLOGY 
This research employed the quantitative method to measure the competitiveness 

level of 10 districts at the northern border of Malaysia: Perlis, Kubang Pasu, 

Padang Terap, Sik, Baling, Hulu Perak, Jeli, Tanah Merah, Pasir Mas, and 

Tumpat (Figure 1). Quantitative methods were chosen to evaluate the economic 

and socio-economic performance based on statistical data produced by the 

Malaysian government. All data were gathered through secondary sources 

obtained from the Department of Statistics Malaysia (DOSM). Economic and 

socio-economic factors were chosen as variables in this research following their 

significant contribution to the competitiveness level of cities, as reported by past 

literature (See Literature Review section). These factors include the number of 

non-citizen populations, the values of imports and exports in the trading sector, 

the investment value in manufacturing projects, the labour force, the working 

population, the labour force participation rate, the unemployment rate, the 

number of domestic university graduates, the average income, and the absolute 

poverty rate.  
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To quantify the variables, mean and standard deviation were used to 

determine the score, categorised as 0 (no contribution if no value/data), 1 (low 

contribution), 2 (average/high contribution), or 3 (high contribution).  

Mean values were used as an indicator for low and high contributions 

if a variable only contained a few data – e.g., only a few districts obtained 

investment in manufacturing projects, therefore, only the score of 1 (low) or 2 

(high) was given. Meanwhile, score 0 was assigned in the presence of no data. 

For example, if the values of a variable are above the mean, the score given is 2. 

On the contrary, if the values are below the mean, the score will be 1. 

On the other hand,  standard deviation was used as an indicator for low, 

average, and high if a variable contained data for all districts – e.g., labour force 

and working population. For example, if the values of a variable fall within the 

first standard deviation, the score will be 2. In contrast, if the values fall within 

the second standard deviation, the score will be either 1 (low-end) or 3 (high-

end).  

The scores for each variable were then accumulated to obtain the total 

score. The total score served as an indicator to measure the economic and socio-

economic competitiveness among the selected districts, where a higher score 

indicated higher economic performance. 

 
Figure 1: Districts at the northern border of Penisular Malaysia 
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ANALYSIS AND DISCUSSION  

Table 1 shows the eleven variables used to measure the competitiveness of 10 

Malaysian districts bordering Thailand. These variables were mainly related to 

the economic and socio-economic indicators. Each indicator was given a score 

between 0 and 3, with 3 being the highest (Refer Research Methodology section 

for detail explanation).  

 
Table 1: Competitiveness index among 10 districts at the northern Malaysia’s border 

Malaysia’s 

northern 

border 

State/ districts 

Variables / Value (Score) 

Non- 

citizen 

population 

('000) 

Trade 

– 

export 

(Jan-

Apr 

2021) 

(RM 

million) 

Trade 

– 

import 

(Jan-

Apr 

2021) 

(RM 

million) 

Investment 

value 

(Domestic) of 

approved 

manufacturing 

project 

(RM'000) 

Labour 

force 

('000) 

Working 

population 

('000) 

Perlis 7.5 

(3) 

1,420 

(2) 

1,394 

(2) 

612,902 

(2) 

110.3 

(3) 

105.6 

(3) 

Kedah Kubang 

Pasu 

6.2 

(3) 

6,191 

(2) 

7,549 

(2) 

0 105.3 

(3) 

101.3 

(3) 

Padang 

Terap 

1.9 

(2) 

0  0  0  32.7 

(2) 

31.4 

(2) 

Sik 2 

(2) 

0  0 0  32.4 

(2) 

31.4 

(2) 

Baling 2.7 

(2) 

0  0 0 70.4 

(2) 

67.7 

(2) 

Perak Hulu 

Perak 

2.8 

(2) 

0 0 82,293 

(2) 

43.6 

(2) 

41.8 

(2) 

Kelantan Jeli 1.6 

(1) 

0 0 0 19.3 

(1) 

18.7 

(1) 

Tanah 

Merah 

5.1 

(2) 

0 0 0 57.6 

(2) 

55.9 

(2) 

Pasir  

Mas 

4.6 

(2) 

0 0 0 81.4 

(2) 

77.6 

(2) 

Tumpat 2.4 

(2) 

639 

(1) 

123 

(1) 

37,140 

(1) 

66.9 

(2) 

64.7 

(2) 

Mean 3.7 825 907 73,234 61.9 59.6 

Standard 

Deviation 

2.0 1,942 2,374 191,534 30.9 29.6 
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Cont.Table 1: Competitiveness index among 10 districts at the northern Malaysia’s 

border 

Malaysia’s 

northern 

border 

State/ districts 

Variables / Values (Score) 

Total 

Score 

Labour 

force 

participa

tion rate 

(%) 

Unemplo

yment 

rate 

(%) 

Universit

y 

graduate

s 

(citizen) 

Average 

income 

(RM) 

Absolute 

poverty 

rate 

(%) 

Perlis 63 

(2) 

4.3 

(1) 

1617 

(3) 

5,476 

(2) 

3.9 

(3) 
26 

Kedah Kubang 

Pasu 

61.8 

(2) 

3.9 

(2) 

1769 

(3) 

6,291 

(3) 

4.8 

(3) 
26 

Padang 

Terap 

65.7 

(3) 

4 

(2) 

431 

(1) 

4,781 

(2) 

9.1 

(2) 
16 

Sik 61 

(2) 

3.1 

(3) 

395 

(1) 

4,960 

(2) 

7.6 

(2) 
16 

Baling 66.9 

(3) 

3.8 

(2) 

901 

(2) 

4,313 

(2) 

17.9 

(1) 
16 

Perak Hulu 

Perak 

65.7 

(3) 

4 

(2) 

689 

(2) 

4,554 

(2) 

12.9 

(2) 
19 

Kelantan Jeli 57.1 

(2) 

3 

(3) 

288 

(1) 

3,872 

(1) 

18.5 

(1) 
11 

Tanah 

Merah 

58.7 

(2) 

3 

(3) 

902 

(2) 

4,338 

(2) 

12 

(2) 
17 

Pasir 

Mas 

54.8 

(1) 

4.6 

(1) 

1,586 

(3) 

4,745 

(2) 

13.1 

(2) 
15 

Tumpat 55.4 

(1) 

3.3 

(2) 

1,216 

(2) 

4,838 

(2) 

12.5 

(2) 
18 

Mean 61.0 3.7 979 4,817 11.2 
 

Standard 

Deviation 
4.4 0.6 544.7 673.3 4.9 

Source: Department of Statistics Malaysia (2021) 

1. Anggaran Pendapatan Isi Rumah dan Insiden Kemiskinan 2020 

2. Jadual Statistik Perdagangan Malaysia Mengikut Negeri 2021 

3. Laporan sosioekonomi Negeri Kedah, Kelantan, Perak and Perlis 2020 

4. My Local Stats Perlis, Kubang Pasu, Padang Terap, Sik, Baling, Hulu Perak, Jeli, Tanah Merah, 

Pasir Mas and Tumpat 

5. Perangkaan Perdagangan Luar Negeri 

6. Pocket Stats Kedah, Kelantan Perak and Perlis Quarter 2 2021 

 

Based on the scores assigned to the variables, it was determined that 

Kubang Pasu and Perlis obtained the highest overall score with 26 points. Hulu 

Perak scored the second highest (19) followed by Tumpat (18). Meanwhile, Jeli 

scored the lowest competitiveness index with 11 points. 

There is a significant development difference between the western 

(Perlis and Kedah), central (Hulu Perak), and eastern districts (Kelantan), with 
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the western districts being more advanced. The western districts obtained the 

highest scores due to the concentration of manufacturing and service activities in 

these areas, as well as their role as logistics hubs. The Eastern districts, on the 

other hand, focus on agriculture and small-scale trading activities. The eastern 

districts of the border area have good potential for intensive and competitive 

agricultural and eco-tourism activities. 

Additionally, the busiest entry points into Malaysia from Thailand, 

namely Bukit Kayu Hitam and Padang Besar, are located in the western districts. 

These immigration complexes handle over 90 percent of the trades passing 

through the Malaysia-Thailand border, with Bukit Kayu Hitam alone handling up 

to 65 percent of the total cargo. The Western districts of the border have the 

highest economic and socio-economic index due to their proximity to major 

industrial and urban areas in northern Peninsular Malaysia, such as Penang, 

Sungai Petani, and the bordering Songkhla province in Southern Thailand, which 

is the most industrialised among the four provinces bordering Malaysia. As the 

main industrial, logistics, and commercial hubs along the border, both Perlis and 

Kubang Pasu have more diversified economic activities, resulting in higher 

average incomes in these areas. Most high-impact projects are located in the 

western districts due to the availability of better infrastructure, including 

Immigration, Customs, Quarantine and Security (ICQS) complexes, as well as 

improved highway and rail systems. 

Household incomes in the border areas are also lower than the national 

average, while the absolute poverty rates are much higher than the national rates 

(except for Perlis and Kubang Pasu). Kubang Pasu has an average income of 

RM6,291, which is nearly twice than that of Jeli, the district with the lowest 

average income of RM3,872. The average incomes in other districts range 

between RM4,000 and RM5,000. In terms of absolute poverty rates, the highest 

percentage was recorded in the middle of the border areas, specifically in Baling, 

Jeli, and Pasir Mas where the absolute poverty rates in these districts are two to 

three times higher than the national rate. These districts primarily rely on small-

scale agriculture activities, which yield low returns. In fact, the absolute poverty 

rate of 18.5 percent in Jeli is nearly four times higher than that of Perlis (3.9 

percent) and Kubang Pasu (4.8 percent).  

Furthermore, the labour force participation rates at the border districts 

are lower than the national average. In other words, the number of working 

populations in the border districts is lower than the national average. Therefore, 

there is a need for a catalyst project to attract employment and higher income 

opportunities, especially for the locals. In terms of unemployment, the rate is 

almost equal to the national rate. However, Jeli and Tanah Merah recorded lower 

unemployment rates than other more industrialised areas in the western districts 
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CONCLUSION 
This research provides valuable information on the overview of competitiveness 

in the international northern border districts of Peninsular Malaysia. The 

competitiveness index revealed the disparity among the districts along the 

Malaysia-Thailand border. By analysing eleven economic and socio-economic 

indicators, the study concludes that the western districts, specifically Perlis and 

Kubang Pasu, are more economically developed compared to the rural eastern 

districts like Baling, Jeli, and Tanah Merah. The economic diversity in Perlis and 

Kubang Pasu is attributed to their proximity to industrial areas such as Penang, 

Sungai Petani, and Songkhla in Southern Thailand. Additionally, the presence of 

the busiest entry points, Bukit Kayu Hitam and Padang Besar, contributes to the 

significance of logistics in these areas. Conversely, districts in the middle and 

eastern regions heavily rely on agriculture, resulting in lower average income and 

higher absolute poverty rates. The competitiveness index developed in this study 

aims to assist the government in formulating appropriate policies to address the 

developmental gaps in the Malaysia-Thailand border regions compared to other 

areas in Peninsular Malaysia. 
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Abstract 

 

The issue of traffic congestion has emerged as a significant and multifaceted 

challenge in numerous cities worldwide, encompassing substantial economic and 

environmental implications. Numerous experts have proposed that the 

foremost measure to address the congestion issue is to identify the characteristics 

of traffic congestion. This study aimed to assess the traffic congestion in urban 

road networks. Thus, the main methodological approach for conducting the study 

was the traffic volume study in Taman Sri Serdang, which was observed to 

examine the traffic flow during weekdays and weekends to examine the traffic 

flow patterns. Accordingly, conducting a traffic volume and Level of Service 

(LOS) analysis is necessary to enhance accessibility and road capacity. A 

comparison of the traffic trends and LOS during weekdays and weekends was 

also discussed. The findings concerning peak-hour traffic patterns are 

highlighted, and the conclusions are derived regarding urban traffic flow patterns. 

 

 

Keywords: Traffic Volume Study, Level of Service (LOS), Traffic Congestion
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INTRODUCTION  
Generally, traffic volume refers to the number of vehicles, density, and traffic 

capacity at a particular time and location. The traffic volume is influenced by 

socio-economic activities such as traffic growth, which causes traffic congestion 

during peak hours. Commercial and residential areas affect the number of 

vehicles of a traffic capacity and the overall traffic performance (Singh et al., 

2021). The urban area might result in unmanageable and worse traffic conditions, 

such as congestion. This study focuses on Taman Sri Serdang, a focal area with 

mixed-use development such as commercial, residential, and institutional. In 

addition, Taman Sri Serdang is located next to one of the educational institutions, 

Universiti Putra Malaysia, and schools, which leads to traffic congestion. The 

economic activities in this area have also increased the amount of traffic. 

The direct effect of the additional traffic volume from daily activities is 

a drastic increase in the traffic volume. This drastic increase caused an overflow 

of road capacity and resulted in a poor level of road service that could not 

accommodate the high traffic volume, especially in areas with low traffic capacity 

and higher population density (Kadim et al., 2020; Noor et al., 2021; Wan Ghazali 

et al., 2021). Traffic congestion usually occurs during peak hours when 

congestion is caused by road users going to and from work, school, institution, or 

any other place (Noor et al., 2021). This scenario worsens if the area is in a focal 

point such as Taman Sri Serdang. The development of an area has an impact on 

the increase in vehicles and the increase in traffic travel time delays.  

In addition, the design of intersections, such as T intersections and 

intersections (four-legged intersections), affects the travel time of vehicles 

passing through the intersection (Kar et al., 2020). In addition, vehicles entering 

and exiting intersections, as well as the number of lanes, are factors that influence 

vehicle speed and travel time delays. Due to the increase in vehicles traversing 

the intersection, particularly during peak hours, travel time delays may increase. 

The town of Taman Sri Serdang, a focal area with various facilities such as 

commercial areas, public amenities, educational institutions, and others, causes 

the road to be busy on weekdays and weekends. Furthermore, Taman Sri 

Serdang's residential road is a shortcut to Sri Serdang town. Consequently, the 

road became congested as the area's residents parked their vehicles on the side of 

the road, which led to the congestion of the road. 

 

LITERATURE REVIEW 
Traffic Volume 
Traffic volume studies determine the number of vehicle movements, road 

geometry, and road classification at a given location (Kadim et al., 2020; Rosli, 

2020). The collection data of traffic volume study is vital to determine the 

influence of the number of vehicles on the traffic flow. These data also identify 

critical flow times such as peak hours and traffic volume trends. The sampling 
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time duration depends on the type of count that is taken and the use of the data 

recorded. The traffic flow in the study area was recorded at 15-minute intervals 

for an hour at each intersection during a set time (Musir et al., 2018; Ponrahono 

et al., 2019). The sampling locations for the traffic volume study were usually 

identified, such as at junctions, non-signalised intersections, and significant 

points of potential traffic conflicts to conduct traffic counting during the peak 

hours of morning, noon, and afternoon. Understanding the traffic volume on 

roads facilitates infrastructure planning and design aids in determining the 

capacity of extant roads and identifies areas that are in need of improvements. 

 

Level of Service (LOS) 
The LOS is a quality indicator that describes the operating circumstances of a 

traffic stream in terms of speed, travel duration, traffic disruptions, and 

convenience (Farman Majeed Salam & Majid, 2022). The determination of LOS 

was also used based on the volume-to-capacity ratio (V/C) in a manually operated 

study under mixed traffic (Navandar et al., 2020). There are six levels of LOS 

from A to F; each level has specific flow, volume, density, and speed traffic 

conditions. LOS A represents the best operating condition, and LOS F represents 

the worst condition of traffic (Rosli, 2020).  

 
Table 1: LOS and condition of traffic 

Level of 

Service 

Remarks 

A Free flow. 

Low volumes, densities, and high speeds. 

Drivers can maintain desired speeds with little or no delay. 

B Stable Flow. 

Traffic circumstances are beginning to limit operating speeds slightly. 

Slight delay. 

C Stable Flow. 

Higher volumes control speeds and manoeuvrability more precisely. 

Acceptable delay. 

D Approaching Unstable Flow. 

Tolerable operating speeds that are influenced by the operational 

environment. 

Tolerable delay. 

E Unstable Flow. 

Even lower working speeds, as well as possible short-term stoppages. 

Volumes are at or near capacity, causing traffic congestion and 

unacceptably long delays. 

F Forced Flow. 

Speeds and volume can be reduced to zero. 

Stop pages might last for a long time. 

Vehicle queues backed up due to a restriction downstream 
Source: Public Works Department (PWD)(2017) 
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The LOS also represents a range of operating conditions and the 

driver’s perception of those conditions, and it is used to measure the level of 

vehicle delay time and the level of traffic congestion (Ali Sahraei & Akbari, 2020; 

Farman Majeed Salam & Majid, 2022; Kar et al., 2020). Therefore, the LOS is 

one of the most popular traffic performance metrics. It can be divided into six 

levels based on traffic density: A (free flow), B (reasonably free flow), C (stable 

flow), D (approaching unstable flow), E (unstable flow), and F (forced or 

breakdown flow) (refer to Table 1).  

 

Traffic Congestion 
Traffic congestion directly impacts the quality of life as most people experience 

daily difficulties with excessive delays, air pollution, and health. Traffic 

congestion causes negative impacts on the transport sector and causes a massive 

increase in the transportation cost. Thus, the encounter of traffic in conflict points 

at intersections affects traffic movement in terms of speed, traffic volume, and 

traffic density, causing traffic congestion (Eva & Andrea, 2019). Moreover, the 

increase in traffic volume and vehicle density also affects the probability of traffic 

congestion occurring in an area.  

 

RESEARCH METHODOLOGY 
Study area 
The study area in Taman Sri Serdang is a mixed-use development area that is 

located in the heart of Seri Kembangan, Selangor, Malaysia (refer Figure 1). The 

residential areas, public amenities, and educational institutions such as Sekolah 

Kebangsaan Serdang and UPM influence the increase in traffic in this area. As 

such, this research uses both primary and secondary data sources.  

 

 
Figure 1: Study area of Taman Sri Serdang 
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Traffic Counting and Survey 
Traffic calculation is carried out for three (3) days of traffic calculation on 

weekdays and one (1) weekend. All the traffic data is grouped into three phases: 

morning peak (7-9 am), afternoon peak (12-2 pm), and evening peak (4-6 pm), 

and each peak continues for a period of 2 hours. Accordingly, the record traffic 

volume counts are at 15-minute intervals using a calculation sheet. 

 
Passenger Car Unit (PCU) 
The calculation of PCU is essential to analyse mixed or heterogeneous traffic. 

PCU is a simplification that converts the different vehicle types into an equivalent 

number of passenger cars (Mohan & Chandra, 2018). According to the Public 

Work Department, the urban standard of Passenger Car Unit (PCU) metric was 

used to assess the traffic flow and traffic volume of the study area in Sri Serdang. 

The value of PCU equivalent for urban standard roads is taken as 1.0 for cars (4-

wheelers), 0.75 for motorcycles (2-wheelers), 3.0 for bus/lorry, and 0.2 for 

bicycles (Ponrahono et al., 2019).  

 

Level of Service (LOS) 
A standard LOS from the Public Works Department of Malaysia is used to assess 

the LOS of road service in the study area at Taman Sri Serdang, as shown in Table 

2.  

 
Table 2: Level of service by volume/capacity ratio 

Volume/Capacity 

Ratio 

Traffic Flow Level of 

Service 

0.0 – 0.2 Free flow A 

0.2 – 0.4 Free flow but close to stable flow B 

0.4 – 0.6 Stable flow C 

0.6 – 0.8 Stable flow but close to congested D 

0.8 – 1.0 Congested E 

More than 1.0 Very congested F 

Source: Public Works Department (PWD)(2017) 

 

RESULTS AND DISCUSSION 
Traffic Volume  
Traffic counts were conducted to determine the traffic volume trends and study 

area patterns. Traffic is counted and recorded for six (6) hours from 7.00 am to 

9.00 am, 12.00 pm to 2.00 pm, and 4.00 pm to 6.00 pm for three days on 

weekdays, and one day on weekends. The traffic calculation radius is set to a 

diameter of 100 meters from the sampling point. The change in traffic volume by 

the hour (Table 3) from Taman Sri Serdang to the highway shows that the 

maximum number of vehicles passing through the junction is 1,255 between the 
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hours of 4.00 pm to 6.00 pm (Wednesday), and the minimum number of vehicles 

passing through the junction is 708, between 7.00 am to 9.00 am (Sunday).  

 
Table 3: Hourly Traffic Volume Taman Sri Serdang to PLUS Highway 

Count Hour Monday Wednesday Saturday Sunday 

7.00 am- 

9.00am 

956 957 680 708 

12.00 pm- 

2.00 pm 

1143 1151 862 951 

4.00 pm- 

6.00 pm 

1217 1255 943 982 

TOTAL 3316 3363 2485 2641 
Source: Field Survey 

 

Meanwhile, the amount of traffic from UPM to Sri Serdang (Table 4) 

shows that the maximum number of vehicles that have been observed through the 

intersection is 1,257 from 7.00 am to 9.00 am (Monday), and the minimum 

number of vehicles is 756 vehicles from 7.00 am to 9.00 am (Sunday). 

 
Table 4: Hourly Traffic Volume UPM to Seri Kembangan 

Count Hour Monday Wednesday Saturday Sunday 

7.00 am- 

9.00am 

1257 1080 806 756 

12.00 pm- 

2.00 pm 

1083 1042 924 954 

4.00 pm- 

6.00 pm 

1244 1261 1082 994 

TOTAL 3584 3383 2812 2704 

Source: Field Survey 

 
24 Hours Count of Traffic Flow 

A 24-hour traffic count observation shows the number of vehicles that are passing 

through Jalan UPM to Seri Kembangan and Taman Sri Serdang to PLUS 

Highway. Table 5 shows the cumulative 24-hour traffic flow count for weekdays 

and weekends. The number of vehicles that pass through UPM to Seri 

Kembangan is higher because the road provides services such as oil pumps, 

government institutes, police stations, and schools. Thus, of the 14,719 vehicles 

that have been recorded throughout the weekdays and the weekend, about 12,795 

vehicles have passed through Taman Sri Serdang to the highway. The average 

vehicle is 613.29 vehicles per hour. In contrast, the number of vehicles on the 

UPM road to Sri Serdang is 13,111 (refer to Table 5). 

Overall, the highest transport that passes through Taman Sri Serdang is 

cars, followed by motorcycles. This is due to the lack of public transport services 

such as bus transport as well as being far from the services of other public 
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transport facilities. The nearby residential area also contributes to the daily traffic 

flow around the entrance to Taman Sri Serdang. Notably, the number of bicycles 

is the lowest among all the transportation types. This is due to the absence and 

lack of bicycle access, such as bicycle paths. The safety factor also contributes to 

the small number of bikes that are using the access road in Sri Serdang. 

 
Table 5: Hourly Traffic Volume UPM to Seri Kembangan 

 Taman Sri Serdang -PLUS 

Highway 

UPM-Seri Kembangan 

Car 8204 8253 

Motorcycle 4247 4573 

Bus/Lorry 324 279 

Bicycle 20 6 

TOTAL 12795 13111 

Source: Field Survey 

 

Peak Hour PCU 

The maximum PCU, as in Table 6, is 12365.25 in the direction from Taman Sri 

Serdang to the highway, and the minimum PCU is 12,520.95 in the direction of 

UPM to Seri Kembangan. 

 
Table 6: Cumulative hour count of PCU 

 Taman Sri Serdang -PLUS Highway UPM-Seri Kembangan 

Car 8204 8253 

Motorcycle 3185.25 3429.75 

Bus/Lorry 972 837 

Bicycle 4 1.2 

TOTAL 12365.25 12520.95 
Source: Field Survey 

 
Table 7 summarises the PCU peak hours. The maximum vehicle count 

is 1,288 vehicles from UPM to Seri Kembangan from 4.00 pm. to 6.00 pm 

(Thursday), while the minimum vehicle count is 756 vehicles from UPM to Seri 

Kembangan from 7.00 am to 9.00 am (Sunday). 
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Table 7: Peak hour PCU 
Direction Period Vehicles/2hours PCU/2hours 

Taman Sri Serdang 

– PLUS Highway 

Maximum traffic 

Wednesday 4.00 

pm-6.00 pm 

1255 1202.2 

Minimum traffic 

Sunday 7.00 am-9.00am 

708 653.75 

UPM – Sri 

Kembangan 

Maximum traffic 

Thursday 4.00 

pm-6.00 pm 

1288 1211.25 

Minimum traffic 

Sunday 7.00 am-9.00am 

756 691.75 

Source: Field Survey 

 
Level of Service (LOS) 
The volume/capacity ratio is calculated, and the LOS is based on the peak-hour 

service. The LOS for the direction from Taman Sri Serdang to the highway 

between LOS B to C shows a free flow but there is a close to stable or stable flow 

to road capacity during peak hours. However, the direction from UPM to Seri 

Kembangan (Table 8) shows a LOS between LOS B to D and congested during 

peak hours. 

 
Table 8: Level of service 

Direction Time Peak Hour 

Traffic in 

PCU/2hours 

V-C 

ratio 

Level of 

Service 

(LOS) 

Taman Sri 

Serdang to 

Highway 

Maximum traffic 

 

Wednesday 

4.00 pm-6.00 pm 

1202.2 0.60 C 

Minimum traffic 

 

Sunday  

7.00 am-9.00 am 

653.75 0.33 B 

 UPM to Sri 

Kembangan 

Maximum traffic 

 

Thursday  

4.00 pm-6.00 pm 

1211.25 0.61 D 

Minimum traffic 

 

Sunday  

7.00 am-9.00 

am 

691.75 0.35 B 

Source: Field Survey 
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The opening of several economic sectors and basic facilities such as 

schools and police stations are the main factors in the increase in traffic. The types 

of intersections that are uncontrolled or do not have signals have contributed to 

the increase of LOS values from LOS B to LOS D, where traffic congestion 

occurs. The lack of intersections that are not controlled or do not have signals 

causes an increase in vehicle travel delay time, where drivers must be careful and 

take a long time to wait to enter or exit the intersection (Mohan & Chandra, 2018). 

This causes congestion caused by vehicles entering or exiting the intersection, 

where drivers must slow down and stop to make way for other vehicles. The 

increase in the density of cars on the road causes the speed of vehicles to slow 

down, and the capacity of the road is insufficient. Following a significant increase 

in traffic flow over the weekend, severe traffic congestion has reached LOS D.  

This follows that the Taman Sri Serdang area has various facilities that cause Sri 

Serdang to become an area where individuals focus on social activities. Thus, to 

increase the road's capacity and LOS, engineers and planners can consider 

modifying the parameters in traffic composition and junction balance (Rosli, 

2020).  

As the population of Taman Sri Serdang has increased, the traffic has 

also increased. Moreover, the size of urban areas and the type of roads determine 

how congested a place is (Nguyen-Phuoc et al., 2020). In addition, the absence 

of bus service routes in some areas, especially in the residential zones, has caused 

the reception of bus services in Taman Sri Serdang to be less than satisfactory. In 

response, the responsible parties need to improve the quality of bus services to 

increase the public demand for these services. A quality bus service can minimise 

the public's demand for private vehicles (Buchanan, 2019) as well as the 

increasing traffic in the Sri Serdang area. Alternatively, residents of the Sri 

Serdang area can use the UPM MRT facility to go to their desired destination to 

reduce the number of vehicles on the road. 

Installing speed humps can also reduce and slow down the vehicle's 

speed. This method can potentially reduce the risk of road accidents by increasing 

the driver’s awareness to be more careful. Considering the high traffic flow in 

Taman Sri Serdang, installing road humps near the intersection is ideal. At the 

same time, installing speed bumps also reduces traffic congestion at uncontrolled 

or unsignalised intersections.  

 

CONCLUSION 
In conclusion, Taman Sri Serdang has a mixed-use development that caused an 

increase in traffic in Taman Sri Serdang and a change in the level of service. The 

level of the LOS was calculated for the main road of Sri Serdang between levels 

B and D. Basically, the intersections that are without signals make it difficult for 

vehicles to enter and exit the intersections. The large number of vehicles causes 

vehicles to wait in order to enter and exit the intersection. The disadvantage of 
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unsignalised or uncontrolled intersections is that they can increase the risk of 

accidents and congestion. Proposals to improve the public transport system in Sri 

Serdang are needed to accommodate vehicle capacity and reduce the number of 

vehicles on the main road. Furthermore, installing a speed hump in a suitable 

location in Taman Sri Serdang can reduce the speed of vehicles as well as the risk 

of accidents in places that do not have signals or that are not controlled. The 

problem can be resolved by controlling pedestrian free flow and vehicle 

increasing rate, enhancing public transport modes, repairing traffic signals and 

providing pedestrian walkways, regulating vehicular flow through traffic 

management, and strictly enforcing traffic laws. 
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Abstract  

 

The paper identifies the determinants influencing spatial planning for urban 

resilience within the context of an Islamic society. Semi-structured interviews 

were conducted with relevant stakeholders in spatial planning and disaster 

management in the city of Banda Aceh, Indonesia to assess their attitudes, 

opinions and experiences in implementing spatial planning for urban resilience. 

Qualitative thematic analysis revealed dominant factors specific to the Islamic 

society in the city of Banda Aceh, which were then elaborated on and categorised 

into five major groups: spatial pattern, spatial structure, spatial culture, spatial-

related non-physical factors and religious factors. The interviews affirmed the 

importance of religious and cultural factors in spatial planning for urban 

resilience within Islamic societies. The findings will provide an essential 

understanding of the need to enhance urban resilience against disasters in the 

urban planning process and incorporate aspects of local wisdom derived from 

religious and cultural values, as well as societal necessities, as a planning 

approach. Given the context-specific nature of this research, future researchers 

may consider doing a comparative case study in another city with similar 

characteristics. 

 

Keywords: Spatial planning, Urban Resilience, Islamic society, Thematic 

Analysis, Banda Aceh- Indonesia  
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INTRODUCTION 
Since the previous century, there has been a notable increase of global disaster 

frequency, particularly in Asia, which is particularly susceptible to natural 

disasters. The UN Environment Program (UNEP) reports that Asia accounted for 

40% of global natural disasters between the years of 2005 and 2015 (Lee, Kim, 

Maharani, Paripurno, & Sunarno, 2017). Tragic events like the 2004 tsunami and 

earthquakes in Indonesia and the Indian Ocean claimed the lives of hundreds of 

thousands (Folke et al., 2011), with profound repercussions on neighbouring 

countries such as Indonesia, Sri Lanka, India, and Thailand. The nearest big city, 

Banda Aceh in Aceh Province, Indonesia, bore a severe number of victims and 

witnessed the destruction of 27% of its 60.33km2 area. The toll in terms of lives 

lost and injuries incurred amounted to approximately 27 thousand people from a 

population of 243,895 in the city (Government of The City Banda Aceh, 2018). 

Given the escalating historical losses from disasters worldwide, 

resilience is increasingly recognised as a fundamental principle, as many 

acknowledge that massive losses result from a lack of urban resilience systems in 

effectively managing disasters (Achmad, Burhan, Zuraidi, & Ramli, 2020; 

UNDRR, 2015). Most professional disciplines, such as spatial planning and 

disaster risk management, began to realise the importance of playing a vital role 

in planning and establishing resilient urban systems (Hoa & Vinh, 2018). 

Notably, international policies underline the importance of integrating disaster 

risk reduction, resilience and climate risk considerations into urban planning to 

achieve sustainable development at various levels, including Sustainable 

Development Goals (SDGs) and the Sendai Framework for Disaster Risk 

Reduction 2015–2030 (UNDRR, 2015).  

The literature affirms that the integration of these two fields presents a 

significant challenge. Wamsler (2014) notes that spatial planners may not 

prioritise risk reduction as a planning objective, and communication between 

experts from both fields is hindered by differences in their target groups, 

objectives, data sources and educational and professional backgrounds. 

Simultaneously, disaster studies tend to neglect spatial planning as an essential 

risk reduction measure (Sagar, 2017). Moreover, each authority operates within 

a different institutional framework with its unique operational methods and 

designated funding purposes (Greiving & Fleischhauer, 2006). Additionally, as 

highlighted by Zuraidi, Zainol, Ahmad, & Achmad (2022), most studies 

concerning spatial planning and urban resilience have been conducted in 

developed Western countries. Therefore, the general consideration of disaster risk 

reduction through enhancing urban resilience in spatial planning practices is 

questionable, especially in cities with specific characteristics such as those within 

Islamic societies. 

A critical aspect lies in recognising that the experiences of spatial 

planning and urban resilience can markedly differ between developing Asian 
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countries and Western contexts. It is essential to understand how these concepts 

are interpreted and experienced. This nuanced understanding can be achieved 

through a robust qualitative methodology. Therefore, this research collects 

insights from stakeholders in spatial planning and disaster-related fields in Banda 

Aceh, Indonesia, exploring their perspectives and experiences in enhancing urban 

resilience. The qualitative exploratory research was subsequently subjected to 

thematic analysis, aiming to identify the determinants of spatial planning for 

urban resilience. 

 

LITERATURE REVIEW 
The notion of urban resilience has gained considerable attention in planning 

discourse over recent decades. Its origins trace back to in the study of ecological 

systems drawn from the work of C.S. Holling entitled “Resilience and stability 

of ecological systems” (Holling, 1973). Subsequently, in the early 2000s, scholars 

extended the concept of resilience into regional and urban planning practices, 

incorporating elements of disasters as essential elements in the planning process 

(Godschalk, 2003). Explicit references to spatial planning concepts and urban 

resilience began to emerge in the 2010s. Until now, the existing works of 

literature on spatial planning for urban resilience predominantly address topics 

related to urban physical structure and governance (Malalgoda, Amaratunga, & 

Haigh, 2013; Panagopoulos, Jankovska, & Bostenaru Dan, 2018). However, very 

little research in this area has explored spatial planning for urban resilience with 

a focus on the socio-religious perspective. The literature indicates that 

transitioning to a resilient urban community hinges on a multitude of factors, and 

cultural and site-specific parameters can pose challenges to broad-spectrum 

approaches. 

Spatial planning is primarily acknowledged as a function of the public 

sector aimed at influencing the future spatial distribution of activities (Yoshida, 

Yamagata, Chang, Jittrapirom, & Voulgaris, 2020). Its goal is to establish a more 

rational territorial arrangement of land use and their interconnections, striking a 

balance between developmental demands and environmental protection, while 

also achieving social and economic objectives (Wegener, 1998). Meanwhile, 

Meerow, Newell, & Stults (2016) defined urban resilience as “the ability of an 

urban system—and all its constituent socioecological and socio-technical 

networks across temporal and spatial scales—to maintain or rapidly return to 

desired functions in the face of a disturbance, to adapt to change, and to quickly 

transform systems that limit current or future adaptive capacity” (p. 45). Rogatka, 

Starczewski, & Kowalski (2021)  also emphasised that urban resilience is a 

superior concept that must be considered in future spatial planning endeavours, 

as it is integral to shaping appropriate urban development. 
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Previous studies have identified several determining factors in spatial 

planning for urban resilience.  Lu, Zhai, Zhou, & Shi (2020) advocate for a focus 

on essential urban spatial elements to create urban resilience, including key 

spatial and morphological factors, which encompass factors like urban spatial 

scale, urban spatial form, urban spatial structure, urban spatial function and urban 

spatial network. Other studies focus on non-physical aspects such as policies, 

actors, socioeconomics, genius loci and information (Ewindy, Suganda, Asdak, 

& Sapari, 2021; Karabakan & Mert, 2021; Nur, 2020; Pokhrel, 2019; 

Pozoukidou, 2020; Rogatka et al., 2021; Mazlan, Zainol, Adilah, & Harumain, 

2022). 

Studies related to spatial planning for urban resilience within the socio-

religious context is limited. Existing research predominantly emphasises the 

important role of religion in strengthening individual resilience in facing 

disasters. Resilience related to the concept of religion establishes a connection 

between people, practices, materials and spatial infrastructure with disaster 

events (Rüpke, 2020). This concept acknowledges the anticipation of disasters, 

the pre-event anxiety, strengthening individuals and communities against the 

event, and providing a prompt response after the event. It illustrates how faith is 

employed to overcome, recover and grow (Sulaiman, She, & Fernando, 2019). 

Gianisa & Le De (2018) also found that religious beliefs and practices unite local 

communities and contribute to the effectiveness of disaster management 

mechanisms. Moreover, religious communities can play a vital role in bridging 

gaps in response and recovery, especially in scenarios where external intervention 

is limited.  

  

RESEARCH METHODOLOGY  
This research was conducted in the city of Banda Aceh, Indonesia (Figure 1). 

Banda Aceh is a medium-sized city characterised by its vulnerability to natural 

disasters, and its population is predominantly Muslim. In 2004, the city 

experienced a catastrophic earthquake, swiftly followed by a devastating tsunami. 

This twin disaster resulted in the destruction of 27% of city’s 60.33km2 area, 

rendering it devoid of buildings. Casualties and fatalities numbered 

approximately 27,000 out of the 243,895 residents of Banda Aceh City (Aceh 

Province Disaster Management Agency, 2018).  
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Semi-structured interviews were conducted with ten relevant 

stakeholders to assess their perspectives, insights and experiences in the process 

and implementation of spatial planning for urban resilience within the context of 

an Islamic society. These participants were selected from individuals representing 

government and non-government institutions, possessing substantial knowledge 

and experience in spatial planning and disaster management in Banda Aceh. Prior 

to starting the research, all documents and procedures concerning human subjects 

were approved by the University of Malaya Research Ethics Committee 

(UMREC), with ethics approval number: UM TNC2/UMREC_1876. 

Researchers extended invitations to stakeholders via telephone or WhatsApp, 

ensuring their willingness to participate. Prospective participants received an 

information sheet outlining the purpose of the research. All participants met the 

criteria of being cognitively functional and above 18 years of age. The interview 

guide focused on eliciting stakeholders’ perceptions regarding the determining 

factors in spatial planning conducive to urban resilience. The interviews spanned 

a duration of 30 to 45 minutes and were transcribed verbatim from audio 

recordings, maintaining an exact account of the discussions. 

The data was then analysed using a thematic analysis (TA) 

methodology in accordance with the approach advocated by Clarke & Braun 

(2017). TA is a method for identifying, analysing and reporting patterns (themes) 

within data, where a theme is defined as “something important about the data in 

relation to the research question and represents some level of patterned response 

or meaning from the data set” (p. 80). This study followed a six-phase thematic 

data analysis process developed by (Clarke & Braun, 2017). The first phase 

involved ’Familiarizing yourself with your data’, where the interview transcripts 

were read and re-read, allowing the researcher to note initial ideas. Interview 

transcripts were then imported into the data management software NVivo. The 

Figure 1: Study Area: the city of Banda Aceh, Indonesia 
Source: Author, 2023 
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second phase,” Generating initial codes”, encompassed a descriptive coding 

process that involved the deconstruction of the data from its initial chronological 

structure. This inductive process resulted in the identification of 407 hierarchical 

codes from the interview data. In the third phase, “Searching for themes”, open 

coding was reviewed, and initial codes were merged, renamed, distilled and 

collapsed into broader categories. This allowed the data to be constructed in a 

manner aligned with the research objectives. The fourth phase, “Reviewing 

themes”, involved a process of ‘drilling down’, including recoding the text in the 

initial codes, reorganising them into a coding framework and breaking down the 

themes into sub-codes to gain a better understanding of the embedded meanings. 

In the fifth phase, “Defining and naming themes”, the data was abstracted into a 

broader thematic framework. Through an inductive process, data was coded in 

relation to the research objective, which is to identify determinant factors of 

spatial planning for urban resilience. The final phase, “Producing the report”, 

involved the writing of analytical memos to accurately summarise the content of 

each theme and propose empirical findings. 

 

RESULTS AND DISCUSSION 
All participants in this are university graduates with a minimum of ten years of 

experience in their respective fields. Their ages range from 35 to 55 years. Of the 

ten stakeholders interviewed, six were male (60%) and four were female (40%). 

The sample is well-balanced in terms of representation from different stakeholder 

types, where four (40%) are experts in spatial planning, four (40%) specialise in 

disaster, and two (20%) focus on community culture. The range of professional 

experience among the participants is diverse. Participants with over 25 years of 

experience make up 20% of the sample, while those with 10-15 years and 20-25 

years of experience constitute 20%. The group with 15-20 years of experience 

accounts for 40% of the sample size. In terms of employment sectors, six 

participants (60%) work in the public sector, while the remaining four (40%) are 

employed in the private sector.  

Through inquiries into determinants of spatial planning for urban 

resilience, the study identified dominant factors specific to the Islamic 

community in Banda Aceh. These factors were subsequently detailed and 

grouped into five main themes derived from the thematic analysis: (1) spatial 

pattern, (2) spatial structure, (3) spatial culture, (4) non-physical factors related 

to space and (5) religious factors. Table 1 provides a summary of the themes and 

sub-themes generated from the initial coding process and excerpts from the 

interview transcripts.  

The ‘spatial pattern’ theme was generated from 73 coding from 10 

participants. The ‘spatial structure’ was generated from 6 participants and 32 

coding. The ‘spatial culture’ was generated from 7 participants and 23 coding. 

The ‘spatial related non-physical factors’ theme resulted from 10 participants and 
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407 comments, and the "religious factors" theme was derived from 10 

participants and 76 comments. Spatial pattern factors were identified from the 

sub-themes of spatial scale and spatial use. Spatial scales, such as the size of 

urban spaces and the growth of urban development, are determining factors in 

urban spatial planning and its resilience to disasters. This aligns with the findings 

of previous research by Lu et al. (2020), which states that urban spatial scale 

wields both positive and negative effects on resilience. On the positive side, larger 

cities often possess more efficient and resource-independent infrastructure, 

rendering them more resilient to economic crises and adept at swift recovery 

(Capello, Caragliu, & Fratesi, 2015). However, when urban development exceeds 

its ecological carrying capacity, the large urban spatial scale can exert a negative 

impact on resilience. Functional complexity and specialization grow with 

increasing city scale, potentially reducing overall resilience. 
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Furthermore, within the spatial pattern, the sub-theme of spatial use also 

emerges as a determining factor. The study found that the allocation of space for 

physical infrastructure, the availability of supporting facilities, and the utilisation 

of land for settlements and workplaces significantly contribute to enhancing 

urban resilience. Karabakan & Mert (2021) emphasise the pivotal role of 

implementing green infrastructure systems in providing a certain degree of 

resilience. Furthermore, as stated by earlier scholars, land use is critical in 

determining urban efficiency, potential sustainability and resilience (Burby, 

Deyle, Godschalk, & Olshansky, 2000; Lu et al., 2020). These findings further 

strengthen the statement by Ewindy et al. (2021) regarding the implementation 

of strict land use as a means of disaster mitigation. 

The thematic analysis reveals that spatial structure of a city, such as the 

presence of multiple service centre systems in Banda Aceh, had a positive 

influence on reinforcing the service system in the event of a disaster. This finding 

aligns with the assertion made by Feliciotti (2018) that polycentric city model 

may promote urban resilience by enhancing the modularity of infrastructure, 

functions and institutions of different sizes. This organisational framework 

effectively spreads risk across sub-centers and diversifies traffic flow, mitigating 

significant losses in areas with a high concentration of resources during a 

catastrophe.  

This study reveals the prominence of spatial culture within the Islamic 

society of Banda Aceh, particularly in how people use space to accommodate 

their daily activities, such as the use and attachment to places of worship like 

mosques. This cultural expression significantly influences urban space and its 

resilience in the face of disasters. Consequently, the spaces shaped by the cultural 

practices of the Islamic community, reflecting local characteristics emerge as 

determining factors in spatial planning for urban resilience. This finding supports 

the results of previous studies (Jamalinezhad, Talakesh, & Soltani, 2012; 

Tabibian & Rezapour, 2016; Zuraidi, Caisarina, & Fuady, 2020) which consider 

that many cultural and site-specific parameters can hinder broad spectrum 

prescriptions. The findings also align with the conclusion of Karabakan & Mert 

(2021), stating that urban policies and spatial strategies should be tailored 

according to local characteristics and values, recognising the absence of a 

universal solution in this regard. Moreover, this finding resonates with the genius 

loci theory presented by Norberg-Schulz (2016), positing that the essence of place 

and the application that human life is included in local wisdom is called genius 

loci. This concept is also associated with a spiritual sense of place to contextually 

sustain and preserve the quality of life and local characteristics. The concept of 

genius loci has a significant role in enhancing urban resilience (Nur, 2020). 

The study observes that non-physical factors related to space, including 

policies, actors/institutions, social, economic, evacuation systems and 
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information, determine urban resilience. This observation also confirms previous 

research conducted by Amri & Giyarsih (2021), who emphasised the importance 

of strategies such as prohibiting occupancy in disaster-prone areas and 

establishing protected areas to mitigate risks. These strategies, when combined 

with policies related to building regulations, incentive mechanisms, determining 

evacuation routes, and other structural or non-structural measures, are crucial for 

enhancing resilience. Failure to formulate and implement appropriate policies can 

lead to undesirable consequences in the future. 

Furthermore, this study finds that religious factors hold significant sway 

in spatial planning for enhancing urban resilience within Islamic societies. The 

thematic analysis identifies the influence of religious beliefs, practices and 

knowledge on spatial use in Banda Aceh City. This finding aligns with the theory 

put forward by Rüpke (2020), which posits that individuals use their faith as a 

resource for coping, recovering and growing. The findings also align with Gianisa 

and Le De’s (2018) conclusions that religious beliefs and practices foster 

community cohesion and contribute to effective coping mechanisms during 

disasters. However, a lack of proper understanding of Islamic religious 

knowledge, especially among stakeholders in Banda Aceh, is considered as 

detrimental to the conditions of spatial planning, ultimately reducing urban 

resilience in this city. The importance of religious knowledge is also in line with 

Greed’s perspective that there is a need to educate planners to reduce illiteracy 

and spiritual ignorance about the patterns, characteristics and values of religious 

group worship, all of which need to be integrated into the urban spatial planning 

process (Greed, 2016). 

 

CONCLUSION  
This paper aims to identify the determinants influencing spatial planning for 

urban resilience in an Islamic societal setting. It examines the literature gap by 

soliciting the perspectives of stakeholders in spatial planning and disaster 

management in Banda Aceh City, Indonesia. The results discovered determining 

factors specific to the Islamic society in Banda Aceh namely spatial pattern, 

spatial structure, spatial culture, spatial-related non-physical factors and religious 

factors. These results contribute to the advancement of knowledge in the field of 

urban planning related to spatial planning that accommodates the local socio-

religious context, enhancing urban resilience to disasters based on Islamic values. 

Identifying the determining factors of spatial planning for urban resilience in the 

Islamic society context will provide essential insights into the need to increase 

urban resilience disaster-prone areas through informed urban planning, 

incorporating aspects of local wisdom and culture or societal needs. Given the 

context-specific nature of this research, future studies might explore comparative 

case studies in both developed or developing regions. A similar study conducted 

in a different city with shared characteristics, including susceptibility to multi-
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hazards and a predominantly Islamic population, would yield valuable 

comparative insights. 
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Abstract 

 

Walkability is crucial for sustainable transportation in cities but measuring it may 

be difficult due to unclear criteria that could be used as well as the methods 

available. This study aims to measure the Spatial Walkability Index (SWI) of 

pedestrian access to rail transit stations in Kuala Lumpur City Center by using a 

comprehensive set of criteria including Connectivity, Land use mix, Comfort, 

Security, and Safety, which are all represented as ground measurable parameters 

in this study. SWI was derived using Analytical Network Process (ANP) and GIS 

analysis. ANP is a decision-making technique that uses pairwise comparison to 

derive the weightage of the ground measurable parameters which then were used 

to determine the SWI for pedestrians by using GIS proximity analysis. In this 

analysis, the weightage of parameters located on the road were used as basis in 

deriving the SWI. As a result, the SWI for pedestrian access to rail-transit stations 

in KL City Center was determined. The results revealed that the SWI for most of 

the area was in average level. Based on analysis conducted, the SWI was greatly 

influenced by its criteria, proving how ANP can aid in analyzing the SWI by 

incorporating the weightage of its criteria. 

 

 

Keywords: ANP, GIS, MCDA, rail transit, walkability 
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INTRODUCTION 
Walkability is one of the keys in enhancing the sustainable transportation in a 

city. A walkable environment in a city could help in the reduction of reliance on 

private motor vehicles by encouraging more people to use active or public 

transportation instead. Walkability supports the concept of sustainable 

transportation, where it finds a proper balance between (current and future) 

environmental, social, and economic qualities (Litman, 2003; WCED, 1987). 

This concept is crucial in achieving sustainable transportation in the future due to 

its relation to supply, demand, and resource management (Rosalin et al., 2019). 

The concepts that imply the effect of economic, social, and environmental factors 

are Sustainable Development Goals (SDGs) and Transit Oriented Development 

(TOD). 

SDGs are a global agenda for sustainable cities and communities to help 

transform our world toward a better sustainable future for people, the planet, 

prosperity, peace, and partnership. The SDGs set universal goals that balance the 

three dimensions of sustainable development, which are social, environmental, 

and economic (Department of Statistics Malaysia (DOSM), 2000). Malaysia is 

currently focusing on the development of the public transport infrastructure as 

the government sees the importance of public transportation to the urban 

community, especially the Rail Transit Service. 

Besides, the TOD concept aims to help improve the economy and 

quality of life to manage a more comfortable and organized way according to 

their respective capabilities (Rahmat et al., 2016). The basic elements of TOD are 

designed for compact land use mix, creating a high-quality pedestrian-oriented 

environment and place at easily accessible locations. These elements must be 

included in a radius of 400 meters from the transit station. In Malaysia, the 

concept of TOD has been implemented by the Public Land Transport Agency 

(APAD) to plan public transport by applying the concepts of Mix, Densify, 

Compact, Shift, Walk, Cycle, Connect, and Transit.  

Hence, the measurement of the walkability of pedestrian access to rail 

transit stations is required to support the concept of SDGs and TOD for 

sustainable transportation within the Kuala Lumpur City Center. Walkability is 

determined by calculating the walkability index. The walkability index is used to 

assess the walkability of the environment (Naharudin et al., 2020). In this study, 

the walkability index measurement was obtained using mixed methods, namely 

the Analytical Network Process (ANP) and Geographical Information System 

(GIS). The mixed methods translate the human perceptions of their feelings and 

experiences using the pedestrian access and spatially interpret them in the GIS 

environment. Therefore, this study was conducted to evaluate pedestrian access 

to rail transit stations in order to implement sustainable transportation in the 

Kuala Lumpur City Center. 
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LITERATURE REVIEW 
Concept of Walkability 

Walkability is related to how friendly an area of pedestrian networks is to the user 

(Lo, 2009; Abley et al., 2011; Ozbil et al., 2015; Frilund, 2017; Razali et al., 2017; 

Naharudin et al., 2017; Khalaf & Ja’afar, 2020; Jian et al., 2020; Wan Mohammad 

et al., 2021; Tobin et al., 2022). It may be influenced by the built environment in 

the walking area, such as amenities and facilities (Ariffin & Zahari, 2013; Lu, 

2017; Ramakreshnan et al., 2020; Fonseca et al., 2022). A well-built environment 

should encourage more people to walk, and it should include the elements of 

safety and comfort. This is supported by the concept of Crime Prevention through 

Environmental Design (CPTED). The concept focuses on developing a good 

walking area to aid in crime prevention, thus encouraging more people to walk 

instead of relying on car or other private motor vehicles.  

In addition to safety and comfort, walkability also focuses on 

convenience in terms of travelling time and distance. A reasonable walking 

distance of 30 minutes or less is a good practice for providing a walkable area 

(Both et al., 2022). Furthermore, walkability also focuses on having connectivity 

and accessibility of pedestrian network to various land use mixes, such as high 

density of neighborhood to the rail transit station and services area as this could 

also encourage different walking activities as people may travel for different 

purposes (Cervero, 2002; Hamid et al., 2015; Padon & Lamtrakul, 2019; Yun et 

al., 2020). Therefore, walkability could help in reducing the use of private 

vehicles and increase the ability to access the various mixed areas by foot as well 

as reduce our carbon footprint.  

 

Walkability Criteria  
Before measuring the walkability index, it is crucial to define the criteria and 

parameters. The criteria to measure the walkability index can be defined as the 

quantitative variables that are useful for demonstrating a complex phenomenon 

(EEA, 2005). However, it is challenging to select a set of criteria that provides 

comprehensive coverage of the reflected issue (Castillo & Pitfield, 2010). In this 

walkability index study, the criteria selection must be related to the definition of 

walkability, quantifiable, and understandable by users. The required data must be 

available easily at a reasonable cost (Li et al., 2009; Yigitcanlar & Dur, 2010; 

Zito & Salvo, 2011; Haghshenas & Vaziri, 2012). 

To measure the walkability of pedestrian access to rail transit stations, 

it is essential to identify the appropriate criteria. In this study, the selection of 

criteria was based on a comprehensive review of previous studies and 

government policies. A thorough analysis of 52 previous studies was conducted 

to identify commonly used criteria. Additionally, a review of relevant 

government policies such as the Kuala Lumpur Structure Plan 2040, National 

Transport Policy 2019-2030, National Land Public Transport Master Plan, and 
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Putrajaya Structure Plan 2025 was conducted to align with Malaysia's planning 

and strategies for walkability issues.  

Figure 1 summarizes the frequency of criteria employed in walkability 

studies. Based on the review, Security and Safety are the most commonly adopted 

criteria, appearing in 32 out of the 52 studies analysed. Close behind is 

Connectivity, utilized in 27 out of the 52 studies. Comfort on the other hand were 

employed in 21 out of 52 studies, indicating their significance in the research. 

Lastly, the criteria of Landuse Mix, appearing in only 15 out of the 52 studies.  

 

 
Figure 1: Summary of Criteria used in previous studies 

 

MCDA 

Multi-criteria decision analysis (MCDA) is a process of evaluating alternatives 

based on multiple criteria. Multi-attribute decision-making is used when the 

problem is to evaluate a finite set of alternatives and select the best one based on 

a set of attribute scores. Traditionally, multi-criteria decision-analysis techniques 

assume spatial homogeneity within a study area, although the criteria often vary 

across space in many decision-making problems (Tkach & Simonovic, 1997; 

Malczewski & Rinner, 2015).  

MCDA is conducted using several techniques, namely Ranking, Rating, 

and Pairwise Comparison. Ranking techniques involve assigning priorities to 

criteria based on the decision maker's preferences (Malczewski & Rinner, 2015). 

Rating techniques involve assigning weights to criteria using a predetermined 

scale (Malczewski & Rinner, 2015). However, the effectiveness of these two 

techniques is limited by the number of criteria that need to be ranked or rated. 

Pairwise comparison is a useful decision-making method, particularly 

in situations where multiple criteria are present to be considered. This technique 

allows decision-makers to determine the relative importance of each criterion and 

identify the most critical factors in the decision-making process. By comparing 

each criterion with every other criterion, pairwise comparison can help decision-

makers create a hierarchy of criteria based on their relative importance. The 

Analytical Hierarchy Process (AHP) and Analytical Network Process (ANP) is 

another popular method that uses pairwise comparison to prioritize criteria in 
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decision-making. The ANP pairwise comparison determines the importance of 

the criteria based on scale judgments from 1 to 9, with 1 representing the least 

important and 9 representing the most important. 

ANP structures the MCDA into a network. Meanwhile, the AHP 

structures the decision problem into a hierarchy. Pairwise comparison is adopted 

into the ANP method where it is most appropriate since it allows 

interdependencies between the criteria despite the hierarchy (AHP), which is 

suitable for the walkability criteria that can influence each other (Saaty & Vargas, 

2006). AHP is useful for simple decision-making problems with a limited number 

of criteria and alternatives, and ANP is more appropriate for complex decision-

making problems with redundancies and feedback among criteria. 

 

GIS in Measuring Walkability 

The combination of GIS and MCDA approach is an efficient method for 

walkability analysis as it is capable of dealing with various factors that would 

potentially impact walkability (Nasef, 2021). The study by Naharudin et al. 

(2017) adopted the GIS-MCDA to measure the walkability to and from LRT 

stations in Kuala Lumpur City Center. A study by Nasef (2021) also used GIS-

MCDA for walkability assessment between two counties in Sweden. Azlan and 

Naharudin (2020) used GIS-MCDA to measure the safety index for pedestrian 

paths. The combination of MCDA with GIS allows the integration of the ground 

data and human perception data collected via surveys or questionnaires as the 

attributes for better analysis and understanding of walkability. GIS is powerful in 

storing, editing, and manipulating spatial data for better analysis and 

visualization. GIS allows the ground data, such as facilities along the walking 

area, to be represented spatially in GIS software. 
 

RESEARCH METHODOLOGY 
Figure 2 shows the methodology flowchart used in this study. The study was 

conducted in five (5) stages. 

The first stage involves criteria selection based on a literature review, 

which aims to analyze previous studies that measured the walkability index. As 

no universal criteria exist for measuring the SWI worldwide, this study combines 

human perception with spatial data to accurately measure the walkability index. 

In this study, the criteria selected are 1) Connectivity, 2) Land use mix, 3) 

Comfort, 4) Security, and 5) Safety. Seventeen (17) measurable ground 

parameters represent each criterion to calculate the SWI and present it spatially 

in the GIS environment. 
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Figure 2: Methodology Flowchart 

 

The GIS method uses mobile GIS to collect spatial data representing 

the ground parameters. The spatial data is divided into two, namely indoor and 

outdoor spatial data. A handheld mobile laser scanning was used for indoor data 

collection, and a smartphone GIS data collector was used for outdoor data 

collection. The spatial data collected was then imported into the GIS software. 

The data was then cleaned and edited to ensure the spatial data was ready for use 

in data analysis. 

The ANP method involves several approaches that are developed from 

the ANP model to illustrate the relationships between the goals, criteria, and sub-

criteria/elements. Then, the selection of experts was derived from ten experts who 

are familiar with the subject matter. The experts’ ratings were obtained by the 

ANP survey, which was developed based on pairwise comparison techniques. 

Finally, the weightage for criteria and ground parameters was calculated based 

on Equation 1.  
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                     𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑑 𝑝𝑟𝑖𝑜𝑟𝑖𝑡𝑖𝑒𝑠,  𝑊𝑘 =
∑ 𝐶

∗

𝑘𝑝
𝑛
𝑝=1

𝑛
 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘 = 1,2 … 𝑛, 

            

(1) 

 
As mentioned previously, this study involved several experts. Thus, a 

group judgment needs to be derived using a geometric mean based on Equation 

2.  
 

                    𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑚𝑒𝑎𝑛 =  √𝑥1 . 𝑥2 . 𝑥3 … . 𝑥𝑛
𝑥𝑛

                                         (2) 

 

                       𝑤ℎ𝑒𝑟𝑒 𝑥1, 𝑥2, 𝑥3 … . . 𝑥𝑛 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑡 𝑗𝑢𝑑𝑔𝑒𝑚𝑒𝑛𝑡𝑠                                

 
Then, the weightage for ground parameters was joined with the spatial 

data collected as their attributes. Then, near analysis, which is a part of proximity 

analysis, was used to obtain how many ground features were located within one 

road. Then, the total weightage of every route was calculated by using Equation 

3.  
                                    

                          SWI = (CON+MIX+CFT+SEC+SAT) X 100                                      (3) 

 

Where; 

 

 

 

 

 

 

 

 

ANALYSIS AND DISCUSSION 
Weightage of Criteria and their Ground Parameter 
The weightage for each criteria and their ground parameters were calculated 

based on the experts’ choice given by selected group of experts from 

academicians and industrial experts, as summarized in Table 1. They were 

selected due to their experiences in studying and working on walkability issues. 

This study chose to have a balance number of academician and industrial experts 

to have a balance perspective from both sides. The experts’ choices were obtained 

by using a pairwise comparison method as explained in previous section.   

 

 

 

 

 

SWI = Spatial Walkability Index 

CON = Street Connectivity 

MIX = Land Use Mix 

CFT= Comfort 

SEC= Security 
SAT = Safety 
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Table 1:  Expert Judgements Descriptions 

Experts Descriptions 

Academician                                              

 

A1 

A2 

A3                                                                

A4                                                                  

A5 

Professor from local university 

Professor from local university 

Professor from local authority 

Graduate student from local university 

Graduate student from local university 

Industrial Experts                                      

 

I1 

I2 

I3                                                                  

I4                                                                   

I5 

Local Authority 

Local government from town planners 

Local government from transport planners 

Consultant  

Consultant 

 

The highest weightage value obtained was Security criteria, with a 

value of 0.245. Next, the highest weightage was Safety criteria, with a value of 

0.224, followed by Connectivity criteria, with a value of 0.170. Meanwhile, the 

lowest weightage value was obtained for Land use criteria, with a value of 0.143.  
 

Table 2:  Final Weightage from group judgements  

Criteria/Ground Parameter Group Judgements 

CONNECTIVITY 0.170 

Intersection 0.095 

Cul de sec 0.065 

Dead End 0.060 

LAND USE MIX 0.143 

Residential Area 0.027 

Job Area 0.023 

Educational area 0.029 

Industrial area 0.018 

Existing Rail Transit Station 0.032 

COMFORT 0.166 

Benches 0.023 

Signage 0.056 

Information counter 0.030 

Row of tree 0.062 

SECURITY 0.245 

Pedestrian Bridge 0.096 

Pedestrian Subway 0.061 

Street Light 0.109 

SAFETY 0.224 

Crossing Safety 0.063 

Traffic Light 0.068 
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The rank of priorities for each criterion is similar to previous studies as 

shown in Figure 1, but there are also differences which may be due to how the 

criteria was interpreted in other studies that may not be similar with this study. 

For example, there are studies used Safety and Security interchangeably as they 

are quite similar. However, looking at the weightage of both, they are still the 

most important criteria in walkability as no matter what, pedestrian safety and 

security must always be prioritized the most. 

The weightage derived for each ground parameters reflect how ANP 

works in deriving weightage for criteria and their subcriteria in a decision-making 

analysis. As mentioned earlier, experts have identified Security as the most 

important criterion for measuring the SWI. Thus, as in ANP, the weightage of 

subcriteria was influenced by weightage of main criteria, both Street Lights and 

Pedestrian Bridges weighed as the most important too. Similarly, the ground 

parameters for Landuse Mix, Existing Transit Stations, Educational Areas, 

Residential Areas, Job Areas, and Industrial Areas all have the lowest weightages 

among other ground parameters as they are influenced by the weightage of their 

main criteria (Landuse Mix) which is the lowest among all, thus they also 

received low weightages. 
 

SWI of Pedestrian Access to Rail Transit Station 
The calculated SWI were classified into five (5) classes by using Jenks method 

as shown in Table 3. The Classes of A to E, represent a distinct level of 

walkability where Class A indicates very high walkability; Class B is a high 

walkable area; Class C is moderate; Class D is low walkability; and Class E is 

very low walkability.  
 

Table 3:  SWI Classes 

 

Based on Figure 2, most primary roads are classified as Class E with 

values 0 to 1.808. The primary roads, which connect the basic network within the 

state and link state capitals and towns, are the main access to private vehicles and 

public transport in Kuala Lumpur city center. The development of expressways 

and Federal roads, such as Lebuhraya Sultan Iskandar, Jalan Tun Razak, Jalan 

Damansara, and Jalan Istana, connecting the sub-urban with Kuala Lumpur City 

Center, has also increased the dependency on private vehicles. This is likely due 

SWI Class Walkable 

0.000 – 1.808 E Very Low 

1.809-5.915 D Low 

5.916– 13.137 C Moderate 

13.138 – 28.272 B High 

28.273 – 100.000 A Very High 
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to the limited connection of pedestrian networks with primary roads, making 

pedestrian destinations unfeasible within walking distance. 

 

 
Figure 3:  SWI of pedestrian access to rail transit station in KL City Center 

 

However, in the crowded areas within the city, such as Bukit Bintang, 

KLCC, and Chow Kit, the resulting SWI was Class C, with values ranging from 

5.916 to 13.137. These areas are known as the center of Kuala Lumpur, 

surrounded by various land use mixes, such as entertainment areas, commercial 

areas, working areas, and transit station areas. Additionally, these areas are 

attractive to local people and tourists due to exclusive shopping malls like 

Pavillion, Lalaport, Suria KLCC, Time Square, and SOGO. The well-built 

environment in these areas focuses on pedestrians, with facilities such as 

streetlights, pedestrian walkways, benches, and good signage, which contribute 

to walking activities. Moreover, the attractive areas are located within walking 

distance, eliminating the need for private vehicles. 

The existing rail transit station is considered important for measuring 

the SWI. Among the four types of land use mixes, the weightage value for the 

existing rail transit station was higher, indicating its greater importance. The 

experts judged that access to rail transit stations are more important than access 

to residential, job, educational, and industrial areas. Rail transit is an essential 

public transport option in Kuala Lumpur City Center, comprising Light Rapid 
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Transit (LRT), Mass Rapid Transit (MRT), and monorail systems. This study 

obtained the SWI along the pedestrian access to a rail transit station in Classes A 

to C, as shown in Figure 4. 

 

Figure 4:  SWI of pedestrian access at MRT and LRT Bukit Bintang and Sunway Putra 

Mall varied from Class A to Class C 

 

Figure 5: SWI of pedestrian access at indoor buildings, Suria KLCC and KL Sentral 

 
In this study, the measurement of SWI is not limited to the outdoor 

environment but also includes the indoor building. Pedestrians tend to enter 

indoor buildings rather than walk around them as it reduces both distance and 

travel time. The buildings in Kuala Lumpur City Center, such as shopping malls 

and transit stations, were built to connect to outdoor pedestrian walkways to 

provide comfort and convenience to pedestrians and public transport users. 

Pedestrians can find various walking directions inside a building, which may not 

be possible with physical pedestrian access. Additionally, it protects them from 

the rain and hot sun. Figure 5 illustrates the SWI of pedestrian access in Suria 
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KLCC and Kuala Lumpur Station Center. The figure shows that ground 

parameters in indoor buildings, such as benches, signage, and information 

counters, have an average weightage value as assessed by the experts. Thus, the 

SWI of pedestrian access in these buildings falls between Classes B and C. These 

ground parameters help pedestrians navigate the buildings and reach their 

destinations. 

 
SWI of Existing Rail Transit Station 
The SWI for existing rail transit stations was determined through proximity 

analysis, which calculated the highest SWI of pedestrian access within a 400m 

buffer around the station. This was based on the TOD concept, which located 

transit stations within 400m walking distance in mixed land use areas. The 

intersection analysis was used to extract the SWI values for pedestrian access 

within 400m of each existing rail transit station. Table 2 summarizes the SWI 

values for each station, with KTM Bank Negara having the highest SWI of 

99.507, followed by MRT Bukit Bintang with 99.489. These SWI values indicate 

that all the rail transit stations were properly planned and developed according to 

the TOD concept. While some stations have lower SWI values due to a lack of 

ground parameters, they still meet the TOD concept requirements as they are 

located within various land use mixes and at easily accessible locations.  

 
Table 4:  SWI of existing rail transit within selected rail transit station in Kuala 

Lumpur City Center 

LRT/MRT Station SWI of Existing Rail Transit 

KL Sentral 99.116 

LRT Hang Tuah 99.036 

MRT Bukit Bintang 99.489 

LRT Bukit Nanas 98.519 

Ampang park 99.204 

LRT PWTC 98.432 

KTM bank negara 99.507 

LRT KLCC 99.301 

LRT Pudu 99.314 

 
The location of KTM Bank Negara provides good connectivity between 

the nearby office work areas, Bank Negara, and the entertainment areas, namely 

SOGO, Jalan Tar, and Masjid India. These locations are aligned with the TOD 

concept, which requires rail transit stations to be situated in easily walkable areas 

with diverse land use mixes. The high SWI value of pedestrian access at LRT 

Bank Negara confirms its contribution to the SWI of existing rail transit stations. 

Additionally, the implementation of ANP techniques also contribute to the value 

of criteria used to measure the SWI. 
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METHODS’ SENSITIVITY TEST FOR MEASURING SWI 
To validate the methodology used for SWI measurement, a virtual Street Lights 

parameter was added in the analysis. This addition aimed to analyse enhance the 

accuracy and reliability of the methods. As a result, the SWI for the specific route 

was re-computed, and the classification was updated to Class C, as depicted in 

Figure 6(a). 

Furthermore, the methods was validated by analysing the inclusion of 

indoor walking environment in the walkability assessment. This was necessary 

because this study highlighted the importance of including the indoor walking 

environment in walkability assessment when many other studies did not do so as 

discussed previously. Consequently, in this study, the indoor walking 

environment had contributed significantly to the highest SWI of the existing rail 

transit station. To evaluate the impact of the indoor walking environment, the data 

pertaining to indoor walking environment connecting the KLCC LRT station with 

Suria KLCC, was removed, and the SWI was recomputed. Upon re-computation, 

the SWI for the indoor area of Suria KLCC resulted in classifications ranging 

from class C to E (previously A to C) as illustrated in Figure 6(b). This validated 

the needs on including indoor walking environment in enhancing the walkability 

assessment. 

 

  
(a) (b) 

Figure 6: SWI Sensitivity Testing when Virtual Streetlights was added (a) and Indoor 

Environment removed (b) 

 

In conclusion, the methods utilized in this study to compute the SWI 

underwent validation to assess its accuracy. The results demonstrated that the 

SWI were influenced by the inclusion or exclusion of various ground parameters 

within the analysis. This indicates that the framework is capable of capturing and 

reflecting the impact of different factors on walkability. Thus, the methods can 

be considered reliable and suitable for further analysis and research pertaining to 

walkability assessments. 
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CONCLUSION 
This study aims to measure the walkability index of pedestrian access to rail 

transit stations. This study began by defining a set of criteria for measuring 

walkability through an inclusive review of literature and national policies. The 

validity of these criteria was further supported by verification from experts, 

including academics and urban planners. Furthermore, this study employed the 

ANP technique to determine the degree of importance for the walkability criteria. 

By utilizing pairwise comparison methods, the degree of importance for each of 

the criteria and their ground parameters were obtained. The preferences expressed 

by the experts were helpful in determining the final weightage, based on their 

experience with walkability issues. Then, by using the weightage, the SWI for 

pedestrian access to rail transit stations were determined by using GIS analysis. 

The computation within a GIS environment allows for better analysis and 

interpretation of the SWI, particularly through the visualization and mapping of 

results.   

This study introduced novelty in measuring the walkability in Malaysia. 

It incorporated existing studies and national policies to establish criteria for 

measuring walkability. It also introduced the integration of indoor walking 

environments, making the SWI more realistic based on real-world situations. In 

conclusion, the study's walkability framework, despite low SWI in Kuala Lumpur 

City Centre, shows potential by including various criteria and indoor walking 

environments. This enhances walkability assessment compared to not including 

these factors. 
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Abstract 

 

Water is an essential component of existence. It is one of the primary resources 

for maintaining a daily presence. Due to high demand, freshwater becomes 

limited; therefore, rainwater harvesting and greywater recycling should be 

implemented as an alternative to substituting freshwater consumption for non-

potable activities. This study discusses the implementation of rainwater 

harvesting and greywater recycling and the contribution to water efficiency and 

the environment. The main objectives of this paper are to explicate the potential 

benefits of integrating rainwater harvesting and greywater recycling in office 

buildings and to elucidate the impact of water conservation from office buildings 

on the environment. The result shows that implementing both systems in 

buildings can reduce freshwater consumption, water saving, and the discharge of 

wastewater to the environment, which is an essential point for water efficiency. 

The findings can serve as a reference for stakeholders, as they can reduce the 

freshwater consumption for non-potable activities and increase the water 

efficiency of buildings, thereby alleviating freshwater scarcity in the future. 

 

 

Keywords: Rainwater Harvesting, Greywater Recycling, Potable Water, Non-

Potable Water, Water Efficiency 
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INTRODUCTION 
Water is one of the precious elements on earth that is essential to human life. 

Consequently, the availability of clean water is decreasing, leading to its scarcity. 

The rapid development and population growth have led to an increasing demand 

for water consumption and increased water pollution levels in Malaysia. As a 

developing country Malaysia adopts green programmes (green buildings and 

green technologies), where the government implements them and focuses on the 

improvement of living standards, promoting a sustainable development system, 

preserving and conserving the environment and green supply management 

(Shaharudin et al., 2022). According to Chi et al. (2020), green buildings can be 

defined as buildings that go beyond conventional codes, have higher 

sustainability goals in energy saving, carbon emission reduction, and indoor air 

quality improvement besides emphasising the efficient use of water and 

materials, as well as reduced impacts on human health and the environment 

throughout the building’s life cycle.  

Water efficiency is one of the criteria of the green building concept that 

has been implemented in the building operation by conserving water 

consumption, substituting freshwater with rainwater harvesting and greywater for 

domestic use. With rainwater harvesting, water saving is from 12% to 100% 

depending on the amount of precipitation, water consumption per person, 

household economic self-sufficiency, roof type, number of occupants, and the life 

cycle of the technology that is used (Şahin & Manioğlu, 2019). Therefore, 

rainwater harvesting should be essential to augment urban and rural water supply 

(Al-Batsh et al., 2019). Meanwhile, greywater from lightly polluted yet more 

significant volume streams, such as hand-basins and laundry, requires 

significantly less treatment if they are separated from streams with high organic 

loads originating from the kitchen and toilet (Pradhan et al., 2019). Rainwater 

harvesting and greywater can be recycled to minimise freshwater consumption 

and increase efficiency. 

As Malaysia is blessed with tropical rainforests, it is one of the countries 

that receives a high volume of monthly and yearly rainwater (Lani et al., 2018). 

Therefore, implementing rainwater harvesting is feasible for all types of 

structures, particularly office buildings. Besides, office buildings have a high 

occupancy rate during the daytime, when the generation level of greywater is at 

its peak, thus it is the perfect time to collect greywater from human activities from 

the use of wash basins and ablution water. This circumstance will lead to the 

effectiveness of using rainwater and greywater for domestic purposes due to the 

continuity of the sources. 
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LITERATURE REVIEW 
Rainwater harvesting 
Harvesting rainwater as an alternative source of raw water supply has been 

practised for centuries in various countries to cope with water shortages in the 

community (Murdiana et al., 2019). It can also be used as an alternative water 

source in conjunction with the conventional water supply in buildings due to the 

demand for potable water (Diehl de Souza & Ghisi, 2020). With rainwater 

harvesting, there are three water networks- potable, stormwater, and wastewater. 

These three networks can reduce the demand for potable water and reduce the 

stormwater runoff and the quantity of wastewater when they are combined with 

the greywater recycling systems (Semaan et al., 2020). One of the advantages of 

water demand reduction is the assurance of sufficient water supply for the 

population and economic growth (Nanle et al., 2022; Wijayanti et al., 2020). 

Having a rainwater harvesting infrastructure in the building could decrease the 

water stress on the groundwater due to stored rainwater that had been collected 

during rainy days.  

However, the quality of rainwater arises because the water supply for 

rainwater harvesting is obtained through the accumulation of surface runoff from 

the roof. The quality of rainwater is influenced by several factors, i.e., the type of 

catchment area, conditions of topographic, climate, the air pollution level of the 

catchment area, the storage tank material, and the management of rainwater 

collection before it is used (Azis et al., 2021; Mukaromah, 2020). Nevertheless, 

the potential concern is mitigated because rainwater collecting is exclusively 

employed for domestic purposes, such as toilet flushing, household cleaning, and 

landscape irrigation, and so does not necessitate adherence to drinking water 

quality standards. 

 

Greywater recycling 
Besides rainwater harvesting, greywater recycling is the best solution for water 

scarcity and conservation (Radingoana et al., 2020). Greywater contributes to the 

largest water-saving in domestic residences as it promotes the preservation of 

high-quality freshwater, reduces environmental pollutants, and decreases the 

overall supply cost (Knutsson & Knutsson, 2021). Greywater can be defined as 

household wastewater that comes from both kitchen and bathroom sinks, 

showers, or baths and is the discharge from laundry activities where it can be 

reused, replacing the freshwater for non-potable activities such as toilet flushing 

and the irrigation of plants (Oh et al., 2018). According to Pradhan et al. (2019), 

greywater is lightly polluted and requires significantly less treatment for 

separating the organic loads in the wastewater and decreasing public health risks. 

Through greywater recycling, it can manage urban wastewater up to 10% to 50% 

of household water-saving.  
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In urban water scarcity, rainwater harvesting and greywater recycling are 

significant as they can be the alternative water source that can be collected, 

treated, and channelled for domestic usage (Zaharuddin I. S. & Ahmad N. A., 

2022). In Malaysia, rainwater harvesting and greywater recycling are not 

commonly practised due to the limited resources and knowledge on their 

implementation and management, even though there is an extensive amount of 

both resources (Oh et al., 2018). However, both rainwater harvesting and 

greywater recycling have the potential to reduce the dependency of using 

freshwater for domestic usage. Hence this study is conducted to provide some 

positive views and references on the rainwater harvesting and greywater 

recycling system that can be implemented in office buildings and other buildings 

which give more benefits to the stakeholders, the occupants, the environment, 

and many other fields. As office buildings have more capacity usage during the 

day where activities such as washing, cleaning and praying are held more 

compared to the houses, the office buildings are perfect places for conducting the 

study. In addition, the volume of rainwater and greywater collected is higher than 

houses, as the roof area of the buildings is bigger and the number of occupants 

contributing to the greywater discharge from the office buildings during daytime. 

 

RESEARCH METHODOLOGY 
This study adopted a quantitative research design, focusing on the primary data 

that are collected from the building's control system (water collection and water 

consumption) and secondary data from the Monthly Green Building Reports that 

are provided by the contractor. The analysis is expected to explicate the potential 

benefits of integrating rainwater harvesting and greywater recycling in office 

buildings, as it can contribute to water conservation and give advantages to the 

environment. 

 

Rainwater collection and consumption 
The rainwater surface runoff from the roof is the primary source of rainwater 

harvesting. The amount of water that is collected depends on the size of the roof, 

whereby the larger the area, the more rainwater can be collected. In this study, 

the rainwater collection and consumption are monitored using the Building 

Control System of the building. All the surface runoff will be caught through the 

rainwater harvesting system using a siphon system where the maximum volume 

of water will be drawn into a trap and channelled to the rainwater harvesting tank. 

The rainwater harvesting tank is equipped with a water meter which is connected 

to the Building Control System. This water meter will record the water flow in 

and out of the rainwater harvesting tank, the volume of the water that is collected, 

and the volume of water that is pumped out for reuse for non-potable activities 

such as irrigation and toilet flush. The water movement is recorded every 15 

minutes, 24 hours a day. The system will record the data automatically as it was 
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set for every 15 minutes recording. Figure 1 illustrates how the rainwater 

harvesting system is applied and how the system works in the building. 

 

 
Figure 1: Rainwater Harvesting System in a Building 

Source: Annual Technical Volume The Institution of Engineers (India) (2020) 

 
Besides relying on the readings from the Building Control System, the 

collected rainwater can be calculated manually using a simple calculation. Table 

1 shows the items that are needed for the manual calculation. 

 
Table 1: Rainwater collection item needed for manual calculation 

Item Unit 

Catchment area m2 

Runoff coefficient 0.85 

Duration min 

 
Table 1 illustrates the manual calculation of rainwater collection, which 

is expressed below as an equation: 

 

Rain water   =   Roof catchment area  x  (runoff coefficient)  x  duration 

         collection                                                    1000 

     

= Xm2  x  0.85  x  X min 

1000 
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Greywater collection 
Greywater also contributes to the reduction of freshwater usage for non-potable 

purposes. To mitigate potable water usage within the building, the greywater 

originating from the wash basin and ablution taps is gathered, subjected to 

treatment, and then stored for irrigation. In this study, greywater will be the main 

contributor. This is because the building has eleven stories of occupants in which 

the percentage of wash basin and ablution use is higher. All the greywater 

collected will be stored in a greywater tank in the building and treated before it is 

used for non-potable activities. Greywater collection can be calculated manually 

using a simple calculation. The items that are involved in the calculation are 

illustrated in Table 2. 

 
Table 2: Rainwater collection item needed for manual calculation 

Item Unit 

Daily consumption m3/day 

Flow rate L/min 

Duration m 

Occupants n 

Water usage L 

 

From the items in Table 2, the manual greywater collection calculation 

can be expressed as an equation below: 

 

Greywater   collection = Daily consumption x  flow rate  x  duration  x     

occupants  x  water used 

                 1000 

       

= day  x  L/min  x  min  x  n  x  L 

           1000 

 

Building Control System (BCS) 
The Building Control System is a computerised, computer-based system that has 

been installed in a building that controls and monitors the mechanical and 

electrical equipment (Murdiana et al., 2019). In this study, the systems that have 

been controlled and monitored by the BCS are the rainwater harvesting system 

and greywater recycling system for irrigation and toilet flushing. According to 

Muna (2019), a water meter is installed in both the rainwater harvesting and 

greywater tanks to monitor the volume of water that is collected and reused. This 

water meter is mechanical and connected to the BCS, where it is computer-based. 

The data on the water flow will be recorded in the system. Using the BCS is 

helpful for the engineer for easy monitoring. This study's rainwater harvesting 

and greywater recycling data are downloaded from the BCS as the primary data. 
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Green Building Monthly Report 
The building for this case study is one of the green buildings that implement both 

the rainwater harvesting system and greywater recycling concurrently. As a green 

building, the contractor that manages the building maintenance needs to produce 

a monthly report as a record for green building points. The monthly report is used 

as the secondary data to support the primary data. 

 

RESULT AND DISCUSSION 
Volume of water collection 
Rainwater harvesting capacity 

The study on the rainwater harvesting system was conducted for two months to 

observe the effectiveness of rainwater collection and its reuse for non-potable 

activities. The data are from the Building Control System, which monitors every 

fifteen (15) minutes and twenty-four (24) hours daily. Figure 2 shows the volume 

of collected rainwater in two months. 

 

 
Figure 2: The volume of rainwater collected in Jan 2020 and Feb 2020 

 

From the figure, the total rainwater that has been collected through the 

rainwater harvesting system in January 2020 was only 12.1m3. This is due to the 

dry and sunny weather. In February 2020, the rainwater that is collected through 

the rainwater harvesting system has increased to 216.7m3. The total volume of 

rainwater collected is 228.8m3. 

 

Greywater capacity 

There are a few numbers of sources for greywater collection. This study's main 

sources for greywater collection are the wash basins and ablution. The Building 
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Control System also records all the greywater that has been collected. The 

capacity of greywater is collected daily. Figure 3 illustrates the total volume of 

collected greywater from both sources, i.e., wash basins and ablution, for January 

2020 and February 2020. 

 

 
Figure 3: The volume of greywater collected in Jan 2020 and Feb 2020 

 
In January 2020, 270.9m3 of greywater was collected from the wash 

basin and ablution. The greywater was collected on a daily basis, including 

Saturdays, Sundays, and public holidays. For February 2020, the total greywater 

collected is 249.7m3. This total water collected has brought to the cumulative 

volume of greywater collected in two months, which is 520.6m3.  

 

Volume of water consumption 
SYABAS water supply 

The potable water or freshwater supply to the building is mainly from Syarikat 

Bekalan Air Selangor or SYABAS. Every day, the water supply to the building’s 

water tank will be recorded by the Building Control System (BCS). Figure 4 

illustrates the volume of freshwater supply into the water tank for January 2020 

and February 2020. There was 1568.5m3 of freshwater supplied in January 2020 

and 1571.3m3 in February 2020. This totals 3139.8m3 of freshwater that has been 

supplied for the building in both months. This freshwater is mainly used for 

potable drinking, cleaning, and other activities. But from the 3139.8m3 of 

freshwater, only 1924.3m3 is used. The rest has remained in the building’s water 

tank. Figure 5 illustrates the domestic use of freshwater in January 2020 and 

February 2020. 
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Figure 4: The volume of freshwater supplied by SYABAS in Jan 2020 and Feb 2020 

 

 
Figure 5: The volume of freshwater usage for domestic purposes in Jan 2020 and Feb 

2020 

 

Rainwater and greywater are reused and recycling 

The collected rainwater and greywater were used for purposes of irrigation and 

toilet flushing. Greywater will be treated first before it is reused, mainly for 

irrigation; this is to reduce the chemicals in the greywater source that is from 

wash basins and ablutions where the tendency of using chemicals during cleaning 

is high. It is also to avoid any harm to the plants and soil. Table 3 shows the 

weekly water collection and consumption in the building for January 2020 and 

February 2020. 
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Table 3: Weekly water collection and consumption 

Month Week SYABAS 

supply (m3) 

Domestic 

Usage (m3) 

Rainwater and greywater 

for non-potable usage (m3) 

Jan 20 W1 227.2 140.5 53.7 

 W2 348.1 171.9 109.1 

 W3 345.5 192.3 94.9 

 W4 355.1 189.4 102.6 

 W5 407.3 264.7 88.3 

Feb 20 W1 543.4 246.3 184.0 

 W2 312.2 257.3 34.0 

 W3 289.5 227.5 38.4 

 W4 311.5 234.4 47.7 

Total  3139.8 1924.3 752.6 

 
Table 3 shows the decreasing volume of potable water consumption for 

domestic use compared to the freshwater supply from SYABAS. Rainwater and 

greywater recycling have contributed 28.11% of the total water consumption for 

potable and non-potable activities. It has reduced freshwater consumption and 

automatically saved building expenses in the long term. Even though rainwater 

and greywater recycling are at the initial stage of building operation, the 

effectiveness of using rainwater and greywater as substitutes for freshwater for 

non-potable activities is evident. 

 

Freshwater saving and water efficiency 
Figure 6 shows the patterns of collected rainwater and greywater, freshwater that 

is supplied by SYABAS, the volume of recycled rainwater and greywater, and 

how much freshwater can be saved when rainwater harvesting and greywater 

recycling is being implemented in office buildings. The graph indicated that 

752.6m3 of freshwater can be saved in these two months. This result might give 

a positive outcome where more freshwater can be saved for months or through 

the years, and will indirectly overcome the shortage of freshwater sources when 

more buildings implement these systems on their premises. As Malaysia is a 

country with a tropical climate, rainwater can be collected throughout the year, 

hence, rainwater availability is not an issue for the implementation of the system. 

Besides, Malaysia has at least five working days every week, thus, greywater 

would not become an issue for the system either. 
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Figure 6: The volume of freshwater usage for domestic purposes in Jan 2020 and Feb 

2020 

 

The office buildings' rainwater harvesting, and greywater recycling are 

functioning by collection of the rain by a siphonage system that is installed on the 

roof of the buildings. All the rainwater will be going a full-blast suction, which 

will then be channelled by siphonage piping into the rainwater harvesting tank. 

Meanwhile, in the buildings, all the buildings, all the greywater discharge from 

the wash basin and ablution will be collected and stored in the greywater tank 

that is located at the bottom of the buildings. The greywater will then be treated 

until it can safely be used for toilet flushing and irrigation purposes. 

It has been estimated that more than 3000m3 of freshwater can be saved 

in a year when the systems run smoothly in the buildings. The amount is enough 

to grant the whole buildings of green building points underwater efficiency. 

Water efficiency can be described as reducing water usage and minimising 

wastewater discharge. Water efficiency emphasises the responsibility of using 

freshwater cautiously and conserving it for future generations. In this scenario, it 

means that freshwater can only be consumed for the most reasonable purposes, 

such as cooking, drinking, and other activities that really need freshwater to avoid 

any harm and to replace freshwater consumption for non-potable activities with 

other alternatives whereby in this study is the substitution through reusing and 

recycling rainwater and greywater for non-potable activities.  
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Furthermore, rainwater harvesting, and greywater recycling can reduce 

the amount of wastewater that is discharged to the environment. This is because 

some of the wastewater, which is greywater from wash basins and ablution, will 

be collected in order to be reused for toilet flushing and irrigation. The lesser the 

amount of wastewater that is being discharged into the environment, the cleaner 

the environment, and this will contribute to the reduction of water source 

pollution, which are the rivers. This circumstance aligns with Sustainable Goal 

Development 6: clean water and sanitation. In the long term, if the systems are 

well-implemented and well-maintained, the goal can be achieved quickly, the 

earth will have a sufficient freshwater supply for future generations, and we can 

have more water at the drinking level. The systems can be seen as an 

environmentally friendly method where, as we know, rainwater is safe to be used 

for irrigation due to lesser chemicals that are contained in the molecules. As such, 

rainwater can conserve energy compared to the regular potable water that is 

needed. In addition, lesser energy usage to power the water will make it a 

tremendous appreciation of nature. 

 

CONCLUSION 
Rainwater harvesting and greywater recycling are considerably new in Malaysia. 

Most buildings’ management only considers either rainwater harvesting systems 

or greywater recycling, and not both systems. This is believed to be due to the 

high initial cost of installation and maintenance of mechanical equipment. But 

for the long term, implementing both systems will benefit and profit the 

stakeholders of the building because of the high returns in potable water 

consumption and water savings. It can be concluded that when both systems are 

implemented together in a building, the potable water consumption for non-

potable activities is reduced, and besides reducing freshwater usage, it increases 

the water efficiency due to the recycling of rainwater and greywater, conserve the 

freshwater and reduce the volume of wastewater discharge to the environment. 

These are crucial elements as freshwater is becoming scarce. Thus, prompt 

implementation of the systems, especially in office buildings, will contribute to a 

better future. As suggested, the systems can be required for newly constructed 

buildings, especially those with large roof areas and high occupant capacity. The 

systems can be one of the potential alternatives to overcome water wastage and 

indirectly avoid more untreated wastewater discharge to the environment. In the 

future, the stakeholders can consider applying both systems in their premises for 

a better lifestyle, especially in controlling freshwater consumption and eventually 

solving the freshwater crisis. 
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Abstract 

 

The upward trend of dispute claims and occurrences throughout different stages 

has detrimentally affected the outcomes of construction projects. Building upon 

two major themes from a systematic literature review (SLR) study, Principal 

Component Analysis (PCA) was performed to further group the extensive causes 

and strategies into several meaningful groups using the Statistical Social Package 

Science (SPSS) software. Questionnaires were used and issued to three main 

stakeholders (clients, consultants, and contractors) in the Klang Valley area. This 

paper presents the PCA findings, which have led to the development of a 

framework to prevent disputes in different stages of building construction 

projects. The PCA findings have narrowed down the major contributors of 

disputes to “Contract-related causes” and “Time-related causes”. PCA analysis 

has also shown that the three key themes of “Quality-related strategies,” 

“Business relationship-related strategies,” and “Productivity-related strategies” 

were the most effective ways to reduce disagreements. It is important to highlight 

that the findings related to the causes of disputes during the planning stage 

consistently align with those of a prior study. This underscores the importance of 

ethical conduct, particularly during the planning phase and, more specifically, 

within the tendering process. 

 

 

Keywords: building construction projects, disputes, minimising, strategy 
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INTRODUCTION 

Soni et al. (2017) claimed that conflicts and disputes can happen at any stage of 

a project lifecycle, which can affect its pre-planned schedule, and adversely affect 

the construction cost, project delivery, and the overall project performance. 

Following this perspective, several studies (Ayudhya, 2011; Assaf et al., 2019; 

Cakmak & Cakmak, 2014; El-Sayegh et al., 2020) have classified the causes of 

disputes based on their common relationships, or by construction stages, or based 

on the individuals that started the disputes. The results of this study on a 

framework design that could reduce disputes at various stages of building 

construction projects are presented in this paper. This study has explored 

construction disputes by thoroughly assessing the causes and the potential 

strategies to minimise disputes in construction projects. This study has 

specifically focused on building projects in Malaysia based on a systematic 

literature review (SLR) conducted by Muhammuddin et al. (2022) and has 

identified two major themes. Table 1 lists these themes, namely, causes of 

disputes and strategies to minimise the dispute, which serve as a theoretical base 

for the development of the framework to minimise the occurrences of 

construction dispute in building projects, throughout the project phases. This 

framework is designed in accordance with the project phases outlined by Project 

Management Institute (PMI, 2017). 

 
Table 1: Summary of SLR findings on causes of dispute and strategies to minimize 

them (Muhammuddin et. al, 2022) 
Project 

Phases 
Causes of dispute Strategies to minimise dispute 

 

Initiation 

Poor estimation practices during 

feasibility study, unrealistic project 

planning, poor and ineffective 

communication between parties in the 

project 

Established a clear definition of project 

scope, preserve a good relationship 

between the project team members 

 

Planning 

Poor estimation practices, unrealistic 

project planning, delay in obtaining permit 

or approval from the municipality and the 

other governmental authorities, 

inadequate design information, design 

errors, poor quality design, inconsistencies 

between the drawings and specifications, 

short time available during design stage, 

inadequate and incomplete specification, 

poor and ineffective communication 

between parties in the project, ambiguities 

in the contract documents, types of 

procurement method adopted, 

misinterpretation of contract documents, 

different interpretations of the contract 

provisions, lack of understanding and 

Execute proper risk allocation, allocate 

adequate time to prepare for contract 

documentations, efficient 

communication, early detection of 

problems, provide timely resolution for 

problems, developed trust between 

parties, developed teamwork between 

parties, developed long term 

relationship between parties, select an 

experienced contractor to undertake the 

project, contractors should not take the 

projects beyond their technical 

capabilities, clients should be punctual 

in giving instructions, consultants to 

prepare clear and comprehensive 

documentation, selecting a professional 
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Project 

Phases 
Causes of dispute Strategies to minimise dispute 

agreement on the type of contract, 

incorrect pricing of the works, unfair risk 

allocation, selection of contractors based 

on the low bid only without considering 

the technical capabilities.  

construction team, quality control 

checking before issuance of documents, 

record keeping, ensure full 

understanding of the contract 

requirements prior signing of 

agreement, client to prepare effective 

project planning, preserve a good 

relationship between the project team 

members, adoption of digital 

technology to facilitate coordination 

and early detection of problems 

 

Execution, 

Monitoring 

and 

Controlling 

Variation orders, change of material 

specification, unforeseen ground 

conditions, failure of the client to honour 

payments as and when due, time overrun, 

cost overrun, poorly drafted or incomplete 

and unsubstantiated claims, failure to 

make interim awards on extension of time 

and compensation, failure of the major 

stakeholders in understanding and 

complying with the contractual 

obligations, failure to properly 

administered the contract, mishandle the 

construction process, poor quality of work, 

late giving of site possession, delay in 

work progress, technical inadequacy, 

unrealistic contract duration, labour 

inefficiencies, inadequate contractor’s 

experience, ineffective planning and 

scheduling of project by contractor, 

unavailability of cash flow faced by 

contractor, request for project 

acceleration, poor productivity, 

disagreement over scope variation, delay 

in issuing site drawings and materials, 

materials damaged during storage, late 

instruction by the employer, poor and 

ineffective communication between the 

parties in the project, breach of contract, 

unrealistic expectation of the client, 

change in rate due to quantity variations, 

change in material source and it cost 

Efficient communication, early 

detection of problems, provide timely 

resolution for problems, developed trust 

between parties, developed teamwork 

between parties, preserve a good 

relationship between the project team 

members, clients should avoid making 

unnecessary variations, clients should 

be punctual in giving instructions, 

proper record keeping, proper payment 

schedule, payment as at when due, 

adoption of digital technology to 

facilitate coordination and early 

detection of problems 

Closeout Defects - 

 

RESEARCH METHODOLOGY 
Built upon the findings of the SLR study by Muhammuddin et al. (2022), this 

study has analysed the returned questionnaires using the Principal Component 
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Analysis (PCA) to categorise the extensive causes and strategies into several 

meaningful groups. Similar to the study by Mohd-Nordin (2023), the targeted 

respondents were clients, consultants, and contractors (Grade 7) within the Klang 

Valley area. The lists of potential respondents were extracted from respective 

associations and professional bodies, such as the Real Estate and Housing 

Developers’ Association Malaysia, the Construction Industry Development 

Board (CIDB), the Board of Architects Malaysia, and the Board of Quantity 

Surveyors Malaysia, which resulted in a total population of 1,896.  

Based on the sample size determination table by Cohen et al. (2007), 

322 questionnaire surveys were distributed, and 96 responses were received, 

which accounted for 29.8% response rate. Prior to distributing the questionnaires, 

a pilot study was conducted to ensure its clarity and effectiveness. The 

questionnaire consisted of Likert-scale questions and open-ended questions. 

 

FINDINGS AND DISCUSSION 
Principal Component Analysis (PCA)  

The PCA is a statistical procedure that is used to reduce a large number of 

variables into several components by forming clusters that reflect the core of the 

original data (Adegbembo et al., 2020; Hadi et al., 2016; Karji et al., 2020). The 

PCA was used in this study to further identify and cluster the obtained variables 

into specific groups to describe the pattern of correlations within a similar set of 

variables. Subsequently, more meaningful findings and comprehensive insights 

were found for the framework’s development. Examples of PCA application can 

be found in several construction industry-related research works, such as by 

Dogbegah et al. (2011), Karji et al. (2020), Saar et al. (2017), Sakyiama (2016), 

and Treacy et al. (2015). The PCA was conducted using IBM Statistical Package 

for Social Sciences (SPSS) software, version 28.  

According to Pallant (2013), two appropriateness tests must be 

performed to evaluate the sample size and the relationship strength between the 

variables before conducting the PCA. The former can be determined using the 

Kaiser-Meyer-Olkin (KMO) test, while the latter can be tested using Bartlett’s 

test of sphericity (Hadi et al., 2016). The KMO sampling adequacy of 0.50 and 

above was acceptable for this research (Kissi et al., 2016; Obeng-Ahenkora & 

Danso, 2018; Omaraka, 2020). Meanwhile, the Bartlett’s test of sphericity must 

indicate a significant value of less than 0.05 (Field, 2005; Pallant, 2013). These 

tests were repeatedly performed on the data for each project phase. 

Communalities must also be established. Dogbegah et al. (2011) explained that 

communalities are the total amount of variances that the initial variables share 

with the other variables in the set of data. There are various views on the ideal 

value of communalities. However, this study has adopted the proposed 0.50 value 
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by Field (2005), Dogbegah et al. (2011), and Omaraka (2020) as the minimum 

communalities score.  

Next, the collected data were analysed using the PCA with varimax 

rotation to ensure that each component was uncorrelated. Then, the principal 

components were determined using the eigenvalue test. As proposed by Karji et 

al. (2020), components with an eigenvalue of greater than 1.0 were selected to 

determine the principal components. Since some of the variables were quite large, 

for ease of reporting, the research findings presented in the relevant tables in the 

following sections have been set to display only those components with an 

eigenvalue of greater than 1.0. The rotated component matrix provided a better 

understanding of the principal components, as it clarified the theme represented 

by each principal component through the indication of the associated variables. 

These tests were conducted repeatedly for every set of data in each phase of 

construction. The findings and discussions in the next sections have been 

organised in the following order: causes of dispute and strategies to reduce 

dispute. 

 

Causes of Dispute 

The KMO and Bartlett’s results for all phases regarding the causes of dispute 

indicated that this data set was appropriate for PCA, as this set passed the 

minimum sampling adequacy of 0.50 and a p-value of less than 0.001, 

respectively. The communalities values for all phases also reached the pre-

determined cut-off of 0.50. In this section, only one cause of dispute would be 

listed under the closeout phase. Therefore, this cause was excluded from the PCA 

because no correlation can be calculated with only one variable. The following 

Table 2 presents the eigenvalue and component matrix for the respective project 

phases listed in Table 1. 

 

Initiation Phase 

Table 2 shows that only one component has an eigenvalue of greater than 1.0. 

Thus, rotation was not conducted. 

 
Table 2: Total variance explained for causes of dispute during the initiation phase 

Component 

(C) 

Initial Eigenvalues (IE) Extraction Sums of Squared 

Loadings (ESSL) 

Total 

(T) 

% of 

Variance 

(% Var) 

Cumulative 

% (Cum %) 

Total 

(T) 

% of 

Variance 

(% Var) 

Cumulative 

% 

(Cum %) 

1 1.989 66.303 66.303 1.989 66.303 66.303 

2 .619 20.635 86.937    

3 .392 13.063 100.000    
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To further understand the variables related to this component, the 

results of the component matrix in Table 3 have been analysed. This table shows 

that all causes listed under the initiation phase are significantly related to 

Component 1. Based on the analysis of the three variables associated with it, 

Component 1 was themed as “Developing business case–related causes”, since 

these variables were closely related to the development of the business case, 

which would be undertaken during the initiation phase. 

 
Table 3: Component matrix for causes of dispute during the initiation phase 

 Causes of dispute during the initiation phase 
Component 

1 

Poor estimation practices during feasibility study .862 

Unrealistic project planning .825 

Poor and ineffective communication between parties in the project .752 

Extraction Method: Principal Component Analysis.a 

a. 1 components extracted. 

 

Planning Phase  

Table 4 summarises the five principal components of the causes of dispute that 

have been extracted for the planning phase, as they have greater values than the 

eigenvalue set in this research.  
 

Table 4: Total variance explained for causes of disputes during the planning phase 
C IE ESSL Rotation Sums of 

Squared Loadings 

(RSSL) 

T % of 

Var 

Cum 

% 

T % of 

Var 

Cum 

% 

T % of 

Var 

Cum 

% 

1 6.899 

 

38.325 38.325 6.899 38.325 38.325 4.298 23.877 23.877 

2 1.951 10.839 49.165 1.951 10.839 49.165 3.219 17.882 41.759 

3 1.645 9.138 58.303 1.645 9.138 58.303 1.834 10.186 51.946 

4 1.068 5.931 64.233 1.068 5.931 64.233 1.765 9.807 61.752 

5 1.028 5.712 69.945 1.028 5.712 69.945 1.475 8.193 69.945 

 

Table 5 presents the results of the rotated component matrix that can 

describe the correlations between each variable and its components. Several 

observations were made to determine which variables produce the highest factor 

loadings. The higher the factor loadings of the variable, the stronger its 

correlation with the components, which can reveal the clusters to which the 

variables belong to. Evidently, Component 1 has the highest variance (38.33%), 

which inferred that all variables under this component were the critical causes of 

dispute during the planning phase. All six variables were related to design issues; 
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thus, Component 1 was given the theme of “Design and specification-related 

causes”. Meanwhile, the variables in Component 2 were closely related to 

contractual matters; thus, they were clustered under the theme of “Contract-

related causes”, and Component 3 was assigned the “Procurement-related 

causes” theme, as it was strongly linked to procurement processes. Component 4 

was relatively simple to understand, as both variables were associated with 

contract pricing. Hence, this component was themed as “Contract pricing-

related causes”. Lastly, Component 5 was assigned with the theme of “Time-

related causes”, as the variables were interrelated with time-related issues. 
 

Table 5: Rotated component matrix for causes of dispute during the planning phase 

Causes of dispute during the planning phase 
Components 

1 2 3 4 5 

Poor estimation practices .492 .162 .653 -.026 .163 

Unrealistic project planning .442 -.021 .672 .011 .272 

Delay in obtaining permit or approval from the 

municipality and the other governmental 

authorities 

-.032 -.002 .074 .125 .886 

Inadequate design information .710 .264 .001 .200 .188 

Design errors .847 -.013 .132 .152 .048 

Poor quality design .851 .124 .116 -.051 .119 

Inconsistencies between the drawings and 

specifications 

.743 .233 .136 .330 -.147 

Short time available during design stage .410 .128 .107 .048 .435 

Inadequate and incomplete specification .719 .359 .095 .158 .013 

Poor and ineffective communication between 

parties in the project 

.484 .355 .257 .018 -.052 

Ambiguities in the contract documents .504 .613 .239 .145 -.114 

Types of procurement method adopted .049 .453 .184 .333 .497 

Misinterpretation of contract documents .204 .856 .069 -.010 .088 

Different interpretations of the contract 

provisions 

.101 .891 .083 .111 .069 

Lack of understanding and agreement on the 

type of contract 

.247 .742 -.011 .304 .100 

Incorrect pricing of the works .207 .033 .237 .828 .121 

Unfair risk allocation .164 .317 .013 .718 .160 

Selection of contractors based on the low bids 

only without considering their technical 

capabilities 

-.059 .152 .809 .331 -.011 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser 

Normalisation. a. Rotation converged in 7 iterations. 

 

Execution, Monitoring, and Controlling Phase  

Table 6 shows that for the execution, monitoring, and controlling phase, the 

computation has yielded seven principal components with eigenvalues of greater 

than 1.0. 
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Table 6: Total variance explained for causes of disputes during the execution, 

monitoring and controlling phase 

C 

IE ESSL RSSL 

T 
% of 

Var 

Cum 

% 
T 

% of 

Var 

Cum 

% 
T 

% of 

Var 

Cum 

% 

1 10.588 34.155 34.155 10.588 34.155 34.155 4.852 15.651 15.651 

2 2.821 9.100 43.255 2.821 9.100 43.255 3.331 10.745 26.396 

3 2.083 6.719 49.974 2.083 6.719 49.974 3.029 9.770 36.166 

4 1.599 5.158 55.132 1.599 5.158 55.132 2.721 8.778 44.945 

5 1.488 4.798 59.930 1.488 4.798 59.930 2.701 8.714 53.659 

6 1.379 4.448 64.379 1.379 4.448 64.379 2.293 7.396 61.054 

7 1.142 3.682 68.061 1.142 3.682 68.061 2.172 7.007 68.061 

 

According to the rotated component matrix in Table 7, the causes of 

dispute during this phase can be grouped into seven clusters. There were eight 

variables with high correlations with Component 1. These variables were directly 

related to contractual issues, resulting in Component 1 being themed as 

“Contract-related causes”. Next, all variables under Component 2 can be linked 

under the theme of “Contractor’s competencies and capabilities-related 

causes”, while the third principal component was clustered as “Client-related 

causes” because of their variables’ direct relation to clients’ affairs. With 

variables highly related to cost adjustment issues, Component 4 was labelled as 

“Disagreement on cost adjustment-related causes”, whereas Component 5 

was themed as “Change request and claims-related causes”. After analysing 

the characteristics of the variables in Component 6, it was labelled as “Time-

related causes”, as the variables were strongly connected to time-related 

problems. Finally, due to their characteristics and strong interaction with project 

risks and issues of uncertainty, the three variables in Component 7 were assigned 

under the theme of “Project risk and uncertainties-related causes”. 
 

Table 7: Rotated component matrix for causes of disputes during the execution, 

monitoring, and controlling phase 
Causes of dispute during execution, 

monitoring, and controlling phase 

Components 

1 2 3 4 5 6 7 

Variation orders .084 .265 .153 .196 .728 -.070 .094 

Changes in material specification -.049 .084 -.025 .410 .663 .233 .177 

Unforeseen ground conditions  .107 .032 -.129 .244 .043 .339 .681 

Failure of the client to honour payments 

as and when due  

.163 .102 .831 .063 -.015 -.038 .155 

Time overruns .163 .250 .306 -.038 .239 -.048 .745 

Cost overruns .202 .170 .434 .109 .255 -.100 .653 

Poorly drafted or incomplete and 

unsubstantiated claims 

.354 .011 .163 .365 .466 .085 -.045 

Failure to make interim awards on the 

extension of time and compensation 

.253 -.003 .801 -.009 .087 .165 .029 
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Causes of dispute during execution, 

monitoring, and controlling phase 

Components 

1 2 3 4 5 6 7 

Failure of the major stakeholders in 

understanding and complying with their 

contractual obligations 

.792 -.051 .143 .108 .127 .205 .124 

Failure to properly administer the 

contract 

.774 .350 .176 -.046 .107 .103 .009 

Mishandling the construction process .679 .371 .047 .087 .045 .320 .149 

Poor quality of work .485 .177 -.107 .024 .636 .217 .176 

Lateness in giving of site possession .143 .059 .192 .044 .196 .776 .101 

Delay in work progress .072 .368 .118 -.026 .531 .353 .242 

Technical inadequacy .428 .519 -.009 -.014 .274 .374 .234 

Unrealistic contract duration .300 .252 .297 .263 .180 .163 .276 

Labour inefficiencies -.091 .471 -.182 .413 .044 .283 .341 

Contractor’s inadequate experience .259 .650 .146 -.034 .159 .092 .072 

Ineffective planning and scheduling of 

the project by the contractor 

.280 .698 .055 .135 .095 -.048 -.013 

Unavailability of cash flow faced by the 

contractor 

.006 .636 .139 .382 .068 -.110 .156 

Request for project acceleration -.031 .328 .464 .380 .120 .484 -.082 

Poor productivity .163 .601 -.034 .093 .333 .239 .179 

Disagreement over scope variation .660 .041 .294 .229 .124 -.154 .242 

Delay in issuing site drawings and 

materials 

.548 -.059 .266 .267 .315 .361 .146 

Materials damaged during storage .113 .482 .061 .434 -.064 .456 .033 

Late instruction by the employer .251 .052 .580 .214 .195 .412 -.003 

Poor and ineffective communication 

between the parties in the project 

.720 .179 .127 .113 .207 .028 .020 

Breach of contract .773 .226 .175 .021 -.155 -.117 .025 

Unrealistic expectation of the client .393 .091 .521 .365 -.140 .130 .324 

Changes in rate due to quantity 

variations 

.225 .174 .085 .779 .192 -.005 .123 

Changes in material source and cost .112 .129 .168 .782 .275 .133 .073 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser 

Normalisation. a. Rotation converged in 22 iterations. 

 

Strategies to Minimise Dispute 

Initiation Phase  

Table 8 shows that only one component has an eigenvalue of greater than 1.0 

under the initiation phase. 

 
Table 8: Total variance explained for strategies to minimise dispute during the 

initiation phase 
C IE ESSL 

T % of Var Cum % T % of Var Cum % 

1 1.552 77.624 77.624 1.552 77.624 77.624 

2 .448 22.376 100.000    
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Table 9 shows that both variables have a strong correlation with 

Component 1. Thus, Component 1 was assigned the theme of “Developing 

business case-related strategies” because business case development was 

among the activities performed during the initiation phase (PMI, 2017). The 

strategies listed during this phase were also highly relevant to be practised during 

the abovementioned activity. 

 
Table 9: Component matrix for strategies to minimise dispute during the initiation 

phase 
Strategies to minimise dispute during the initiation phase Component 

1 

Established a clear definition of project scope .881 

Preserve a good relationship between the project team members .881 

a. 1 components extracted. 

 

Planning Phase  

Table 10 summarises the total variance that can be explained for this data set with 

five principal components because they have an eigenvalue of greater than 1.0. 

 
Table 10: Total variance explained for strategies to minimise dispute during the 

planning phase 
C IE ESSL RSSL 

T % of 

Var 

Cum 

% 

T % of 

Var 

Cum 

% 

T % of 

Var 

Cum 

% 

1 7.474 39.334 39.334 7.474 39.334 39.334 3.030 15.946 15.946 

2 2.053 10.807 50.141 2.053 10.807 50.141 2.910 15.318 31.264 

3 1.340 7.053 57.194 1.340 7.053 57.194 2.601 13.689 44.953 

4 1.150 6.050 63.244 1.150 6.050 63.244 2.591 13.635 58.588 

5 1.028 5.408 68.652 1.028 5.408 68.652 1.912 10.064 68.652 

 

Table 11 shows that the strategies under the planning phase can be 

clustered into five main components. With the highest value of 39.33%, variables 

under Component 1 were highly correlated with tackling quality issues; hence, 

Component 1 was themed as “Quality-related strategies”. Component 2 was 

labelled as “Business relationship-related strategies” and Component 3 was 

labelled as “Technical competencies-related strategies”, since the associated 

variables can be linked to improving technical competencies. Next, Component 

4 accounted for 6.05% of the total variance explained, and the variables can be 

intrinsically related to the theme of “Design and procurement-related 

strategies”. Lastly, based on their clear connection to improving productivity, 

Component 5 was unambiguously assigned the theme of “Productivity-related 

strategies”. 
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Table 11: Rotated component matrix for strategies to minimise dispute during the 

planning phase 
Strategies to minimise dispute during 

planning phase 

Components 

1 2 3 4 5 

Execute proper risk allocation .183 .205 -.001 .796 .095 

Allocate adequate time to prepare for contract 

documentations 

-.026 .217 .029 .679 .182 

Establish an efficient communication system .495 .212 .123 .431 .102 

Early detection of problems .594 .168 -.001 .522 .043 

Provide timely resolution for problems .414 .296 .197 .537 .025 

Develop trust between parties .161 .807 .100 .333 .089 

Develop teamwork between parties .350 .735 .094 .289 .161 

Develop long-term relationship between parties .257 .751 .162 .164 .101 

Select an experienced contractor to undertake 

the project 

-.036 .047 .885 .051 .119 

Contractors should not take projects beyond 

their technical capabilities 

.146 .089 .902 .023 .000 

Clients should be punctual in giving instructions .217 .127 .390 .383 .496 

Consultants need to prepare clear and 

comprehensive documentation 

.421 .058 .206 .465 .421 

Select a professional construction team .384 .209 .731 .115 .025 

Quality control checks before issuance of 

documents 

.669 .202 .310 -.016 .207 

Proper record keeping .824 .152 .053 .153 .032 

Ensure full understanding of the contract 

requirements prior to signing the agreement 

.667 .324 .111 .106 .303 

Clients need to prepare an effective project 

planning 

.129 .093 .202 .312 .664 

Preserve a good relationship between the project 

team members 

.135 .759 .080 .124 .490 

Adopt digital technology to facilitate 

coordination and early detection of problems 

.108 .280 -.130 -.022 .747 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser 

Normalisation. a. Rotation converged in 7 iterations. 

 

Execution, Monitoring and Controlling Phase  

Table 12 shows the three components that have emerged with eigenvalues of 

greater than 1.0. 

 
Table 12: Total variance explained for strategies to minimise dispute during the 

execution, monitoring, and controlling phase 

C 

IE ESSL RSSL 

T 
% of 

Var 

Cum 

% 
T 

% of 

Var 

Cum 

% 
T 

% of 

Var 

Cum 

% 

1 5.452 49.566 49.566 5.452 49.566 49.566 2.862 26.016 26.016 

2 1.270 11.548 61.114 1.270 11.548 61.114 2.696 24.513 50.529 

3 1.023 9.303 70.417 1.023 9.303 70.417 2.188 19.888 70.417 
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The rotated component matrix, as shown in Table 13, illustrates the correlation 

between the variables and the components. Component 1 was themed as 

“Business relationship-related strategies”, while Component 2 was labelled as 

“Productivity-related strategies” because of their direct link to improving 

productivity issues. Finally, Component 3 was labelled as “Payment-related 

strategies”, since both variables were closely related towards resolving payment 

disputes. 

 
Table 13: Rotated component matrix for strategies to minimise dispute during the 

execution, monitoring, and controlling phase 
Strategies to minimise dispute during the execution, 

monitoring, and controlling phase 

Components 

1 2 3 

Efficient communication .623 .151 .465 

Early detection of problems .383 .692 .120 

Provide timely resolution for problems .615 .471 .199 

Develop trust between parties .858 .232 .064 

Preserve a good relationship between the project team members .857 .229 .142 

Clients should avoid making unnecessary variations .155 .739 .218 

Clients should be punctual in giving instructions .251 .763 .311 

Proper record keeping .537 .362 .301 

Proper payment schedule .190 .210 .914 

Payment as and when due .175 .193 .907 

Adoption of digital technology to facilitate coordination and early 

detection of problems 

.188 .726 .042 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser 

Normalisation. a. Rotation converged in 4 iterations. 

 

Framework Development 

The framework, built upon the substantiated and data-driven findings derived 

from the analysis of PCA results, offers a meticulously structured outline that 

encompasses both the identified causes and the strategic approaches relevant to 

each specific project phase (Refer to Figure 1). It is important to highlight that 

the results regarding the causes of disputes during the planning stage consistently 

align with the findings from a previous study. This earlier study suggests that the 

implementation of a rigorous tendering procedure is essential to foster ethical 

conduct among contractors (Ismail et al., 2017). Emphasising the significance of 

ethical conduct, especially during the planning stage and particularly within the 

tendering process, is crucial. Neglecting ethics in this context can lead to a 

decreased competitiveness in tendering, potentially leading to the selection of 

inappropriate contractors, and ultimately, adversely impacting the overall 

performance of the project. 
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 Quality-related cause 

▪ Defects  

 
Contract-related causes 

▪ Failure of major stakeholders in 
understanding and complying 

with the contractual obligations  

▪ Failure to properly administered 
the contract 

▪ Mishandle the construction 

process 
▪ Unrealistic contract duration 

▪ Disagreement over scope 

variation 
▪ Delay in issuing site drawings 

and materials 

▪ Poor and ineffective 
communication between the 

parties in the project 

▪ Breach of contract 
Contractor’s competencies and 

capabilities-related causes 

▪ Technical inadequacy  
▪ Labour inefficiencies 

▪ Inadequate contractor’s 

experience 
▪ Ineffective planning and 

scheduling of project by 

contractor 
▪ Unavailability of cash flow 

faced by contractor 

▪ Poor productivity 
▪ Materials damaged during 

storage  

 

  

Client-related causes  

▪ Failure of the client to honour 
payments as and when due 

▪ Failure to make interim awards 

on extension of time and 
compensation 

▪ Late instruction by the 

employer 
▪ Unrealistic expectation of the 

client 

Disagreement on cost 

adjustment-related causes 

▪ Change in rate due to quantity 
variations  

▪ Change in material source and it 

cost  
Change request and claims-

related causes  

▪ Variation orders  
▪ Change of material 

specification 

▪ Poorly drafted or incomplete 
and unsubstantiated claims 

▪ Poor quality of work 

▪ Delay in work progress 
Time-related causes 

▪ Late giving of site possession  

▪ Request for project acceleration  
Project risk and uncertainties-

related causes 

▪ Unforeseen ground conditions  
▪ Cost overruns 
▪ Time overruns 

 Developing business case–related causes  

▪ Poor and ineffective communication between parties in the project 

▪ Unrealistic project planning 

▪ Poor estimation practices during feasibility study 

 

Initiation 

Planning 

Execution, 

Monitoring 

and 

Controlling 

Closing 

* Strategies to minimize disputes for the closing phase shall 

be discussed with the experts during the expert validation 

process due to the unavailability of information from the 

systematic literature review.  

Minimise 

the 

Disputes 

Figure 1: Preliminary framework to minimise the construction dispute in building projects 
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Contract-related causes 

▪ Ambiguities in the contract 
documents 

▪ Misinterpretation of contract 
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▪ Lack of understanding and 
agreement on the type of 

contract 
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▪ Established a clear definition of project scope 
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 Quality-related strategies 

▪ Efficient communication 
▪ Early detection of problems 

▪ Quality control checking before issuance of documents 

▪ Proper record keeping  
▪ Ensure full understanding of the contract requirements prior 

signing of agreement 

Business relationship-related strategies 
▪ Developed trust between parties 

▪ Developed teamwork between parties 

▪ Developed long term relationship between parties 
▪ Preserve a good relationship between the project team members  

Technical competencies-related strategies 

▪ Select an experienced contractor to undertake the project 
▪ Contractors should not take the projects beyond their technical 

capabilities 

▪ Selecting professional construction teams 
Design and procurement-related strategies 

▪ Execute proper risk allocation 

▪ Allocate adequate time to prepare for contract documentations 
▪ Provide timely resolution for problems 

▪ Consultants to prepare clear and comprehensive documentation 

Productivity-related strategies 
▪ Clients should be punctual in giving instructions 

▪ Client to prepare effective project planning 
▪ Adoption of digital technology to facilitate coordination and 

early detection of problems 
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▪ Developed trust between parties 
▪ Preserve a good relationship between the project team members  
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Productivity-related strategies 
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▪ Adoption of digital technology to facilitate coordination and early 
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▪ Proper payment schedule 

▪ Payment as at when due 

Procurement-related causes 

▪ Poor estimation practices 
▪ Unrealistic project planning 

▪ Selection of contractors based on 

the low bid only without 
considering the technical 

capabilities 

Contract pricing-related causes 

▪ Incorrect pricing of the works 

▪ Unfair risk allocation 

Time-related causes 

▪ Delay in obtaining permit or 

approval from the municipality 

and the other governmental 
authorities 

▪ Short time available during 

design stage  
▪ Types of procurement method 

adopted 

 

Phases of 
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CONCLUSION 
Overall, it is interesting to note that the PCA grouping has shown that the 

“Contract-related causes” and “Time-related causes” were nominated twice 

as the themes for causes of dispute, which indicated that these two groups can be 

deemed as the main contributory factors to dispute occurrences. These findings 

contributed to the knowledge area of project risk management, as disputes are 

considered as risks in a project that can influence its success rate. Despite facing 

several limitations, the findings of this study are expected to provide a general 

guideline for preventing dispute occurrences for construction practitioners. 

Furthermore, framework validation via expert validation could be done to further 

enhance the research findings, specifically to address the gaps in dealing with 

disputes during the closing phase which was not discovered during the SLR 

process. 
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Abstract 

 

Urbanisation has emerged as a significant driver of global green cover changes. 

In response, cities and campuses increasingly recognise the importance of 

integrating nature into urban environments for sustainability. This study aims to 

investigate the temporal and spatial changes in green cover in Puncak Alam and 

its surroundings. This research involves examining land-use planning documents 

and satellite imagery data from 2016 to 2022. At the macro level, there was a 

significant loss of green cover from 2013 to 2016 (13.81%) due to urban 

expansion. From 2016 to 2022, the decrease in green cover was smaller (6.3%), 

followed by an expected increase of 3.2% in 2025. At the micro level, Puncak 

Alam experienced a significant decrease in green cover from 2016 to 2019 

(4.8%), accompanied by an increase in man-made cover (3.5%). Collaborative 

efforts between cities and campuses are crucial for promoting green cover and 

creating environmentally resilient and socially vibrant urban areas.
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INTRODUCTION  
Rapid urbanization poses significant challenges for global urban resilience. 

Malaysia, as one of South East Asia's most urbanised nations, is projected to have 

an urban population of 22.58 million by 2025 (JPBD 2016; PLANMalaysia, 

2016). Unfortunately, the conversion of green spaces, such as forests, parks, and 

agricultural land for profit-driven purposes has led to their decline (Kuala et al., 

2004; Maryanti et al., 2016; Richards et al., 2017). This trend is particularly 

pronounced in several Southeast Asian cities, where green cover is alarmingly 

low. 

The rapid urban expansion in Malaysia poses a threat to green cover, 

especially protected areas (Kanniah, 2017). Despite the declining per capita green 

space in Malaysian cities, urban green spaces are still being converted for 

purposes of housing, industry, and transportation infrastructure (Kanniah, 2017; 

Rasli et al., 2019). This trend contributes to climate-related environmental issues, 

including air pollution, rising temperatures, flooding, and landslides (Kanniah, 

2017; Zaman et al., 2017; Morris et al., 2015; Elmahdy & Mostafa, 2013). 

However, it is crucial to recognize, preserve, and protect areas of green cover as 

they play a vital role in providing ecosystem services and enhancing the well-

being of urban populations, helping to balance the ongoing growth of built-up 

areas. 

To achieve enhanced sustainable development, Malaysian universities, 

under the encouragement of the Ministry of Higher Education, are actively 

implementing green campus projects and establishing Centers of Excellence 

(Muhiddin et al., 2023). As leading higher learning institutions, it is vital for 

universities to translate innovative theories and environmental education into 

tangible actions that promote sustainability and contribute to the shaping of a 

sustainable future for society. This study aims to investigate the potential of a city 

campus to become a significant green cover within a city, and to analyze green 

cover trends in Puncak Alam and its surrounding areas to foster a sustainable 

relationship between the campus and the city. 

 

CAMPUS AS “GREEN COVER”  
As demonstrated in this Land Use (LU) / Land Cover (LC) imagery study, the 

term "green cover" refers to vegetated areas in aerial data that are privately 

owned, shared, or publicly accessible for leisure and relaxation in urban settings 

(Kanniah, 2017). Studies conducted globally have highlighted the crucial role of 

green cover, including urban forests and parks, in climate change adaptation and 

mitigation (Selmi et al., 2016). It acts as a filter for polluted air, sequesters 

atmospheric CO2 (Tang et al., 2016), and aids in stormwater management 

(Berland et al., 2017). Even small city parks contribute to cooling effects that 

mitigate urban heat islands (Oliveira et al., 2014). Well-designed and well-
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maintained urban parks and recreational forests serve to foster social interaction, 

public health, and the overall well-being of urban dwellers (Donovan, 2017). 

Numerous studies conducted by Threlfall et al. (2017) and Karuppanan et al. 

(2014) reinforce the importance of urban green cover, particularly protected areas 

such as urban forests and parks. 

Green cover in urban areas has garnered global attention due to its 

significant role in achieving United Nations Sustainable Development Goals 

(SDGs) and addressing urban climate change and population growth (Kanniah, 

2017; "Millennium Development Goals Report 2014"). Universities recognize 

the importance of green cover for sustainability and can contribute by enhancing 

green spaces on their campuses and providing ecosystem services to surrounding 

areas. This aligns with SDG 15, which aims to protect forests, biodiversity, and 

promote sustainable management (Brandli et al., 2019). By having abundant 

green spaces, university campuses serve as vital partners in promoting 

sustainability and maximizing the use of green areas. By prioritizing local and 

regional sustainability initiatives, universities contribute to the integration of 

SDGs into green space planning, particularly SDG 4 for lifelong learning 

opportunities and SDG 15 for preserving natural resources for future generations. 

Education for sustainable development plays a crucial role in raising ecological 

awareness and fostering environmental conservation, and campus-city 

relationships encompass both physical and functional aspects of this (Curvelo 

Magdaniel et al., 2018). 

The physical relationship between a campus and its surrounding city is 

referred to as the campus-city connection, which can be classified into three 

spatial configurations: outside the city, gated within the city, and integrated with 

the city (Mohammed et al., 2022). These spaces play a crucial role in promoting 

sustainability by influencing behaviour, disseminating values and information, 

and translating theoretical concepts into action (Finlay & Massey, 2012). Higher 

Education Institutions (HEIs) bear the responsibility of educating students and 

supporting sustainability initiatives within the academic community (Katiliate & 

Staniskis, 2017). When recognized for their ecological potential, university 

campuses can transform into green campuses, serving as educational and 

scientific hubs in addressing global challenges and seeking sustainable solutions 

(Thomashow, 2014). Acknowledging and harnessing the ecological potential of 

a university campus is the initial step towards practicing sustainability. 

Maximising its green spaces enables university campuses to lead the 

way in sustainability, providing environmental, social, and economic benefits to 

densely populated surrounding areas (Brandli et al., 2019). However, neglecting 

the ecological potential of campuses jeopardises these advantages (Jennings et 

al., 2016). By expanding green cover and serving as green refuges, universities 

can foster the local spread of a culture of sustainability, benefiting the 
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surrounding areas and increasing green cover per capita. Therefore, university 

campuses play a vital role in promoting a sustainable future and green potential. 

 

METHODOLOGY 

Located in Bandar Puncak Alam, Mukim Jeram, Kuala Selangor, the UiTM 

Puncak Alam Campus is affected by the changing landscape of its surrounding 

areas due to the development of new township. This has resulted in a significant 

decline in green cover within Puncak Alam. Furthermore, Selangor as a whole 

has experienced forest cover loss and agriculture cover loss since 2011 (Baig et 

al., Takaijudin, & Zeshan, 2022). This study focuses on Bandar Puncak Alam, 

specifically Mukim Ijok and Jeram, to examine the trend of green cover 

surrounding UiTM Puncak Alam, as shown in Figure 1. The analysis also 

includes the micro context of green cover trends within the UiTM Puncak Alam 

campus. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Location of Mukim Ijok and Jeram within Kuala Selangor district 
Source: RT MDKS 2025 

 

Data collection for analyzing land use and green cover distribution in 

Mukim Ijok and Jeram utilized a content analysis method and a geographic 

information system (GIS) mapping approach. Content analysis was carried out to 

analyze land cover distribution in 2013 and projected 2025 data from Rancangan 

Tempatan Majlis Daerah Kuala Selangor 2025, enabling flexible integration in 

spatial analysis (Zaleckis et al., 2019). GIS mapping using Open Street Map was 

employed to collect data on land use mapping and green cover distribution in 

2016, 2019, and 2022. To ensure accuracy, this study adopted the Majlis 

Perbandaran Kuala Selangor's land use/land cover (LULC) classification for 

green cover (natural environment) and man-made cover (built environment) 

UiTM Puncak Alam 

JERAM 

IJOK 
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based on Kanniah's definition of green cover (2017), as presented in Table 1 

below. 
 

Table 1: Description of LULC in Mukim Ijok and Jeram 

No Land Use 2013 2025 Changes 

(Hectares) Area  
(hectares) 

 (%) Area 
(hectares) 

(%) 

Green cover 
1 Open space and recreation 502.35 1.8 534.74 1.9 32.39 

2 Agriculture 20836.14 72.8 16015.27 55.9 -4820.87 

3 Forest 73.83 0.3 65.55 0.2 -8.28 

  21,412.31 74.9 16,615.56 58.0 (-16.9%) 

Man-made cover 
4 Residential 1140.82 4.0 6094.66 21.3 4953.84 

5 Industry 332.13 1.2 1871.41 6.5 1539.28 

6 Commercial 88.41 0.3 434.38 1.5 345.97 

7 Institution & Public Amenities 626.46 2.2 786.12 2.7 159.66 

8 Infrastructure and Utilities 122.57 0.4 207.64 0.7 85.07 

9 Transportation 2053.65 7.2 2314.5 8.1 260.85 

10 Vacant Land 2542.2 8.9 60.16 0.2 -2482.04 

  6906.24 24.2 11768.87 41 (+16.8%) 

Excluded 
11 Waterbody 107.72 0.4 113.91 0.4 6.19 

12 Coast/beach 199.03 0.7 127.82 0.4 -71.21 

13 Aquaculture 14.69 0.1 13.84 0.0 -0.85 

  321.44  255.57   

TOTAL 28640 100 28640 100   

Source: Analysed from RT MDKS 2025 

 

This study examined land use and green cover changes in Mukim Ijok 

and Jeram, encompassing thirteen key land use and land cover (LULC) classes. 

LULC information was extracted from Open Street Map (OSM) data using visual 

interpretation and digital image processing techniques. Figure 2 illustrates the 

overall methodology employed in this study. 

 

Extraction of study area administrative boundary 

Extraction of the administrative boundary of the study area involved scanning 

and digitizing RTDKS 2023 topographical maps. Geo-referencing was performed 

in ArcGIS using affine transformation and nearest neighbourhood interpolation, 

with the datum set to WGS_1984 and projection set to UiTM. Sub-setting, 

mosaicking, and map digitization were conducted to extract the district 

boundaries within the study area.  
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Figure 2: Research methodology flow chart 
Source: Authors, 2023 

 

OSM Data Preparation (OSM) 

For the OSM data preparation, shape file maps of Malaysia for the years 2016, 

2019, and 2022 were downloaded from Geofabrik's server 

(http://download.geofabrik.de/asia/malaysia-singapore-brunei.html). The 

extracted OSM layers were then clipped to the study area boundary. In ArcGIS 

software, two layers were visualized, including the boundary and land use. The 

reference vector data were initially projected in the WGS_1984 geographic 

coordinate system (Geofabrik, n.d.). 

 

Change detection by Green cover area calculation 

To detect changes in green cover, the agriculture and open land use areas were 

calculated for the years 2016, 2019, and 2022. The district-level change was 

observed by calculating the green cover area for Mukim Ijok and Jeram using the 

http://download.geofabrik.de/asia/malaysia-singapore-brunei.html


PLANNING MALAYSIA 

Journal of the Malaysia Institute of Planners (2023) 

 

 

 289  © 2023 by MIP 

Calculate Geometry tool. The loss of agriculture and open land between the 

specified consecutive time intervals was determined by comparing the classified 

shape files of the three consecutive years.  

A comparative analysis was carried out to assess the green cover trends 

in Bandar Puncak Alam (Mukim Ijok and Jeram) from 2013 to 2022, along with 

the projected green cover for 2025. This analysis unveiled the overall land cover 

trend, focusing on the balance between green cover and man-made cover at the 

macro level in Bandar Puncak Alam. Additionally, it examined the green cover 

trend within the UiTM Puncak Alam campus at the micro level. 

 

RESULTS AND DISCUSSION 
This section explores the temporal and spatial changes in green cover through 

macro and micro analyses of green and man-made cover between 2013 and 2025. 

Table 2 presents the land cover data for Mukim Ijok and Mukim Jeram in 2013, 

along with the projected acreage for 2025. The analysis reveals a projected 17% 

decrease in green cover at the Mukim level by 2025, primarily attributed to urban 

expansion and the conversion of natural land into built environments. 

 
Table 2: Total land cover in 2013 and the projected acreage in 2025 

No Land Use 2013 2025 Changes 
(Hectares) 

Area 
(hectares) 

 (%) Area 
(hectares) 

(%) 

Green cover 
 Total Green Cover 21,412.31 74.9 16,615.56 58.0 (-16.9%) 

Man-made cover 
 Total Man-Made Cover 6906.24 24.2 11768.87 41 (+16.8%) 

Excluded 
 Total excluded area (water 

bodies, beach, and aquaculture) 

321.44  255.57   

TOTAL 28640 100 28640 100   

Source: Analysed from RT MDKS 2025 
 

The projected 16.8% escalation in man-made cover in 2025 signifies 

the growth of Puncak Alam City and its growing population. This development 

has led to an increased demand for housing, infrastructure, and commercial 

projects, causing the loss of vegetation and green spaces (RT MDKS 2025). 

However, the information available in Table 2 from RT MDKS 2025 only 

provides land cover data for 2013 and projections for 2025, making it challenging 

to observe the trend of land cover changes over the 12-year period. 
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Figure 3: Trend of actual land cover changes between 2013-2022 and 

the projected trend in 2025 for Mukim Ijok and Mukim Jeram 
Source: Analysed from GIS Open Data (https://download.geofabrik.de/) 

 

The analysis of RT MDKS 2025 land cover data and GIS open data 

from 2013 to 2022 provides detailed insights into land cover changes. Figure 3 

illustrates the changes from 2013 to 2022 and the projected change in 2025. A 

significant loss of green cover was experienced from 2013 to 2016 (13.81%), 

followed by a smaller decrease of 6.3% from 2016 to 2022, and an expected 

increase of 3.2% in 2025. The connection between gradual changes in green cover 

and development is evident, with urbanization and infrastructure expansion 

contributing to the gradual decline (Douglas, 2012). Recognizing this link has 

enabled decision-makers, urban planners, and developers to adopt sustainable 

practices that preserve green spaces, striking a balance between development and 

sustainability for resilient cities. 

Figure 4 illustrates the spatial distribution of green land cover in Mukim 

Ijok and Mukim Jeram. Notable spatial patterns emerge in the distribution of 

green land cover between 2016 and 2022. Mukim Ijok has undergone significant 

changes in terms of man-made cover, particularly in the north, northwest, and 

southeast, including the Puncak Alam Town Centre. In contrast, Mukim Jeram, 

which houses UiTM Puncak Alam, shows fewer substantial changes in green 

cover compared to Mukim Ijok, which has been more impacted by the 

development of Puncak Alam Town. 
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Figure 4: Spatial distribution of green and man-made covers between 

2016-2022 of Mukim Ijok and Mukim Jeram 
Source: Analysed from GIS Open Data (https://download.geofabrik.de/) 

 

At the macro level, the RT MDKS 2025 categorizes UiTM Puncak 

Alam's land cover as institutional. However, when zooming in for a micro-scale 

perspective by analyzing land cover changes from 2016 to 2022 (Figure 5), 

insights emerge into temporal changes on this campus. Between 2016 and 2019, 

UiTM Puncak Alam witnessed a significant 4.8% reduction in green cover and a 

3.5% increase in man-made cover, primarily due to the development of the UiTM 

Teaching Hospital. Moving forward from 2016 to 2022, a slight 0.8% decline in 

green cover and a 0.5% rise in man-made cover occurred. 

 

 
 

Figure 5: Temporal trend of land cover changes at UiTM Puncak Alam 

between 2016 to 2022 
Source: Analysed from GIS Open Data (https://download.geofabrik.de/) 
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Figure 6 depicts that there are no significant spatial changes in green 

cover and man-made cover at UiTM Puncak Alam. However, it is projected that 

the rapid development of Puncak Alam City will impact the northern part of the 

campus. Moreover, the UiTM Hospital area in the north-eastern part is influenced 

by the nearby development of the Hill Park commercial area. Green cover in 

universities offers numerous benefits to the city, including environmental 

improvement, biodiversity support, human health promotion, educational and 

research opportunities, aesthetic enhancement, cultural value, and climate 

resilience. The establishment of the UiTM Green Centre (UGC) in 2020 further 

emphasized the integration of sustainability in education, community 

engagement, and knowledge transfer, underscoring the importance of 

incorporating green spaces in urban areas and fostering a sustainable city-campus 

relationship (UGC, 2022). 

 
 

 2016 2019 

 
Green Cover  

2022 

 
Man-made cover 

 

 

Figure 6:  Spatial distribution of land cover changes in UiTM Puncak Alam Campus 

between 2016-2022 
Source: Analysed from GIS Open Data (https://download.geofabrik.de/) 

 

The changes in green cover in Mukim Jeram and Mukim Ijok from 2013 

to 2025 highlight the significance of urban green cover in addressing 

environmental challenges that arise from rapid urbanization (Song et al., 2020). 

Monitoring and responding to these changes assist policymakers in implementing 

sustainable land management and enhancing resilience. Projections of land cover 

changes in 2025 play a crucial role in effective urban planning, infrastructure 

development, and the promotion of liveability. Incorporating these projections 

into decision-making empowers policymakers to advance environmental 

sustainability, identify suitable development areas, plan essential infrastructure, 

and create a future landscape that is both sustainable and resilient. 
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In summary, understanding and addressing temporal and spatial changes in land 

cover at both macro and micro scales highlight the importance of partnership 

between universities and cities in shaping societal and economic dynamics 

through the application of knowledge for urban and regional improvement 

(Mohammed et al., 2022). 

 

CONCLUSION  
The study reveals a 17% green cover reduction in Mukim areas by 2025 due to 

urban expansion and a 16.8% increase in man-made cover driven by Puncak 

Alam City's growth. Data limitations complicate tracking the 12-year trend, but 

examining 2013-2022 land cover data reveals fluctuations: a decline from 2013 

to 2016, a lesser decrease from 2016 to 2022, and a projected 2025 increase. 

Recognizing the green cover-development link encourages sustainability, and 

this is further evident in the spatial changes in green land cover between 2016 

and 2022 in Mukim Ijok and Mukim Jeram. The micro-scale analysis specifically 

emphasizes temporal changes at UiTM Puncak Alam, illustrating the positive 

impact of green spaces on cities, further supported by the sustainability efforts of 

the UiTM Green Centre. Monitoring green cover changes from 2013 to 2025 

underscores urban green cover's role in addressing environmental challenges, 

guiding land management, and informing urban planning.  

Continuous commitment and investment are necessary to enhance the 

green cover trend in city-campus sustainable relationships. Hence, future studies 

should consider sharing data surveys and focus group discussions with local 

authorities and experts. These methods enable comprehensive data collection, 

access to local expertise, data validation, collaboration, and co-creation of 

research. Engaging local authorities in the research process can generate more 

contextually relevant findings that can be helpful for future research and 

contribute to evidence-based decision-making. 

In conclusion, land cover assessments highlight the vital university-city 

partnership, emphasizing green cover's urban importance and fostering 

sustainability collaborations. Universities may contribute to SDG 15 by 

promoting sustainability through green spaces and aligning with global 

sustainable goals. 
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Abstract 

 

Mangroves around the world are under constant threat from household waste 

pollution. Illegal landfills were found at the Sungai Besar coastline mangrove 

forests near Kampung Baru Nelayan, Selangor, Malaysia. Therefore, this study 

aims to gauge residents’ level of knowledge and perceptions on illegal waste 

disposal in mangrove forests. A total of 304 respondents participated in this study. 

The data were analysed using descriptive statistics, non-parametric methods, and 

linear regression. The mean knowledge score was 0.70 ± 0.09 (range: 0-1), and 

the mean score for perception was 4.57 ± 0.47 (range: 1-5). Further analysis 

revealed that occupation played a significant role in determining measured 

knowledge and perception among the respondents (p-value < 0.01). Government 

employees were found to have higher knowledge and perception scores than 

unemployed residents. Targeted environmental education and conservation 

programs directed towards unemployed residents are recommended to increase 

their knowledge and perception of illegal waste disposal in mangrove forests.  

 

 

Keywords: Illegal landfill, illegal waste disposal mangrove forest, knowledge, 

perception  
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INTRODUCTION 
Mangrove habitats cover approximately 135,881 km2 of land area, accounting for 

about 11.96% of the world's coastline (Bir, 2022). Mangroves provide critical 

services to the coastal communities such as coastal protection from erosion and 

serving as breeding grounds for fishes (Mat Yamin, 2019). However, mangrove 

ecosystems around the world face several threats such as deforestation, land 

conversion, unsustainable urban development, polluted water, and improper 

waste management (Abd Rahman & Asmawi, 2016, Friess et al., 2019; Mazelan 

& Yusuff, 2021). 

Illegal dumpsites can be found along the Sungai Besar mangrove 

coastline forest near Kampung Baru Nelayan, a small village located in the 

district of Sabak Bernam, Selangor, Malaysia (Figure 1). Broken furniture, 

damaged electronic devices, porcelain, plastic bags and containers, toys, and 

books are among the household wastes discovered at these sites. Lack of 

knowledge and awareness are often cited as reasons for poor waste management 

attitudes and practices (Ahmad et al., 2019; Aziz, 2021; Hassan & Rosli, 2022). 

On the other hand, Sattayapanich et al. (2022) discovered that perceived 

ecological values were the strongest predictor of community participation in 

corporate social responsibility (CSR) mangrove forest management programs, 

which include planning, implementation, and monitoring. 

Therefore, this study aims to assess the levels of knowledge and 

perception on illegal waste disposal at mangrove forests among residents of 

Kampung Baru Nelayan. Specifically, the present study seeks to (1) investigate 

the differences in mean knowledge and perception scores across demographic 

characteristics, (2) identify factors related to knowledge and perception scores, 

and (3) examine the relationship between knowledge and perception scores. 

Findings from this research will be compared with those from similar studies 

involving communities who live nearby mangrove forests. 

 

 
Figure 1: Illegal dumpsite at the mangrove forest near Kampung Baru Nelayan 

Source: own field observation. 
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RESEARCH METHODOLOGY 
Study location 

Kampung Baru Nelayan is located next to Sungai Besar town in the Sabak 

Bernam district of Selangor, Malaysia (Figure 2). This location was chosen for 

the study because it is the nearest community to the sites of illegal waste disposal 

and the mangrove forest. The sites of illegal waste disposal can be found along a 

small road (red oval) that connects Sungai Besar to nearby villages, residential 

areas, and aquaculture farms. 

 

  
Figure 2: (Left) The location of Sungai Besar in peninsular Malaysia. (Right) Satellite 

image of Kampung Baru Nelayan and the nearest mangrove forest 
Source: MapChart and Google Map. 

 
Sample Size 

According to Pusat Digital Ekonomi Kampung Baru Nelayan, the community has 

a population of 1,450. The required representative sample size needed to achieve 

the objective of this study with sufficient statistical power was calculated using 

the Corrected Cochran’s Formula, resulting in 304 respondents with a 95% 

confidence level. 

 

Research Design 

The questionnaire was divided into three sections. The first section gathered 

demographic information from respondents, namely gender, educational level, 

age, and occupation type. Gender was coded as 1 for women (reference category), 

and 0 for men. Education was categorized as UPSR (reference category), 

PMR/SPM, STPM/diploma, and university degrees. Age was categorized as 18-

27 (reference category), 28-37, 38-47, 48-57, and ≥ 58. Occupation type was 

broken down into unemployed (reference category), government, private, 

housewife, self-employed, and others. ‘Others’ refers to respondents who do not 

belong to any other category, including students who are either already enrolled 

in a university or waiting to be enrolled.  
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The second section assessed respondents’ level of knowledge (K) with 

eleven items. Responses were recorded on a binary scale with either “Yes” or 

“No” as the answer. The third section assessed respondents’ level of perceptions 

(P) with ten items. Responses were recorded on a Likert scale ranging from 1 to 

5 (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree). 

All items in the questionnaire were validated by four experts in environmental 

studies. The reliability of the questionnaire was tested with 30 respondents in a 

pilot study. 

 

Data Collection 

This survey was conducted among the residents of Kampung Baru Nelayan from 

November 2021 to December 2021 using a random sampling method. Due to the 

restricted movement and lockdowns resulting from the COVID19 pandemic, data 

was collected online through a self-reported questionnaire administered via 

Google Forms. Given the high internet usage among residents at Kampung Baru 

Nelayan, a link to the survey was distributed to residents via WhatsApp groups. 

The questionnaire was administrated in both English and Bahasa Melayu. 

 

Statistical Analysis 

This study utilized descriptive and non-parametric data analyses. Linear 

regression was conducted to identify factors related to knowledge and perception 

scores, as well as the relationship between knowledge and perception scores. All 

analyses were conducted using IBM SPSS Statistics 26 Software.  

 

RESULTS 
Demographic Characteristics  

Table 1 presents the demographic characteristics of the respondents. Out of all 

respondents, 159 (52.3%) were women, while 145 (47.7%) were men. In terms 

of age, the majority of respondents fell within the 18-27 age group (37.8%). In 

terms of education, most of the respondents possessed an STPM certificate or 

diploma. Regarding occupation type, 112 (36.8%) of the respondents identified 

themselves as self-employed, while only 21 (6.9%) identified as unemployed. 

 

Assessment of Knowledge and Perception 

Tables 2 and 3 present the responses to the survey questions. Most of the 

respondents demonstrated a strong understanding of illegal waste disposal (K1, 

K2), legal implications (K3), and negative impacts of illegal waste disposal on 

mangrove forests and human health (K5-K11). Interestingly, close to two-thirds 

of the respondents (61.8%) believe that illegal dumping activities at mangrove 

forest reserves can be controlled and avoided (K4). In terms of perception, a vast  
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Table 1: Respondent’s Background in Kampung Baru Nelayan (N = 304) 

Variable Description 
Frequency 

(N) 

Percentage 

(%) 

Gender 
Male (ref) 

Female 

145 

159 

47.7 

52.3 

Education 

UPSR (ref) 

PMR/SPM 

STPM/Diploma 

Universiti degree 

42 

103 

113 

46 

13.8 

33.9 

37.2 

15.1 

Age 

18-27 (ref) 

28-37 

38-47 

48-57 

58 and above 

115 

73 

23 

68 

25 

37.8 

24.0 

7.6 

22.4 

8.2 

Employment  

type 

Government  

Private  

Housewife 

Self-employed 

Unemployed (ref) 

Others 

60 

18 

61 

112 

21 

32 

19.7 

5.9 

20.1 

36.8 

6.9 

10.5 
 

Table 2: Responses to the questionnaire on illegal waste disposal knowledge 
Statement Frequency (percentage) 

 Yes No 

Illegal dumping is waste dumped onto public land where there 

is no approval license. 

303 (99.7%) 1 (0.3%) 

Improper waste management does not cause illegal dumping. 54 (17.8%) 250 (82.2%) 

Illegal dumping of waste can lead to imprisonment not 

exceeding 5 years or a fine not exceeding RM500,000. 

302 (99.3%) 2 (0.7%) 

Illegal dumping activities at forest reserves are uncontrollable 

and unpreventable. 

116 (38.2%) 188 (61.8%) 

Illegal dumping activities have a positive impact on the 

environment. 

32 (10.5%) 272 (89.5%) 

Illegal dumping activities do not affect humans. 24 (7.9%) 280 (92.1%) 

Illegal dumping can cause water pollution. 300 (98.7%) 4 (1.3%) 

Illegal dumping areas can lead to Aedes breeds. 302 (99.3%) 2 (0.7%) 

Illegal dumping activities can attract pests such as rats and 

cockroaches. 

304 (100%) - 

Open burning can occur at illegal dumping areas. 301 (99.0%) 3 (1.0%) 

Illegal dumping areas can cause a bad odour. 304 (100%) - 
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Table 3: Responses to perception statements regarding illegal waste disposal 
 Frequency (percentage) 

Statement Strongly 

disagree 

Disagree Neutral Agree Strongly 

agree 

Illegal dumping can occur everywhere. 7  

(2.3%) 

1  

(0.3%) 

5  

(1.6%) 

68  

(22.4%) 

223 

(73.4%) 

Illegal dumping is the wrong action. 4  

(1.3%) 

- 2  

(0.7%) 

60  

(19.7%) 

238 

(78.3%) 

Maintaining the sustainability of forest 

reserves from illegal dumping 

activities is not a priority. 

177 

(58.2%) 

75 

(24.7%) 

28 

(9.2%) 

7  

(2.3%) 

17  

(5.6%) 

Effective waste collection services can 

prevent illegal dumping. 

1  

(0.3%) 

4  

(1.3%) 

5  

(1.6%) 

100 

(32.9%) 

194 

(63.8%) 

Reducing illegal dumping activities 

can preserve ecosystems at forest 

reserves. 

3  

(1.0%) 

1  

(0.3%) 

4  

(1.3%) 

94 

(30.9%) 

202 

(66.4%) 

Water quality can be affected in illegal 

dumping areas. 

3  

(1.0%) 

2  

(0.7%) 

4  

(1.3%) 

78 

(25.7%) 

217 

(71.4%) 

Open burning may occur in illegal 

dumping areas which can affect air 

quality. 

5  

(1.6%) 

1  

(0.3%) 

5  

(1.6%) 

89 

(29.3%) 

204 

(67.1%) 

Illegal dumping areas contribute to the 

increase in dengue cases. 

2  

(0.7%) 

1  

(0.3%) 

5  

(1.6%) 

102 

(33.6%) 

194 

(63.8%) 

Wild animals such as wild dogs at 

illegal dumping areas do not disturb 

the peace of the surrounding residents. 

216 

(71.1%) 

56 

(18.4%) 

9  

(3.0%) 

4  

(1.3%) 

19  

(6.3%) 

The residents' health is not affected by 

illegal dumping activities. 

184 

(60.5%) 

95 

(31.3%) 

13 

(4.3%) 

3  

(1.0%) 

9 

(3.0%) 

 

Majority of respondents have a favourable perception regarding 

negative aspects of illegal waste disposal activities (P1-P5) and the associated 

risks (P6-P10). The mean knowledge score was 0.70 ± 0.09, indicating a high 

level of knowledge according to the Bryman and Cramer (2005) classification. 

The accuracy rate for the knowledge test was 92.81% (10.21/11 × 100). The mean 

perception score was 4.57 ± 0.47, indicating a good level of perception. 

 

Non-parametric Analysis 

Univariate statistics was conducted to determine differences in knowledge and 

perception scores among demographic characteristics (Table 4). The results 

reveal that there are no significant differences (p-value > 0.05) based on gender, 

education level, and age. The only demographic characteristic showing a 

significant difference (p-value < 0.05) is occupation. Based on mean ranks, it can 

be observed that those who work in the government sector achieved the highest 

knowledge score (mean rank = 175.30), while those who are unemployed 

achieved the lowest score for knowledge (mean rank = 98.19). On the other hand, 
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those who identified themselves as “others” attained the highest score for 

perception (mean rank = 179.75), while those who are unemployed received the 

lowest score for perception (mean rank = 79.62).  

 
Table 4: Respondent’s Background in Kampung Baru Nelayan (N = 304) 

Variable Description Knowledge score Perception score 

  
Mean 

Rank 

p-value Mean 

Rank 

p-value 

Gender 
Male (ref) 

Female 

144.72 

159.60 

0.107 147.94 

156.66 

0.384 

Education 

UPSR (ref) 

PMR/SPM 

STPM/Diploma 

Universiti degree 

153.70 

140.57 

166.88 

142.77 

< 0.1  135.21 

148.98 

165.01 

145.43 

0.218 

Age 

18-27 (ref) 

28-37 

38-47 

48-57 

58 and above 

148.33 

158.99 

125.22 

163.86 

146.94 

0.296 152.90 

168.44 

130.67 

147.33 

138.26 

0.311 

Employment  

type 

Government  

Private  

Housewife 

Self-employed 

Unemployed (ref) 

Others 

175.30 

154.47 

156.48 

144.07 

98.19 

166.20 

<0.01 160.46 

153.72 

152.57 

153.88 

79.62 

179.75 

< 0.01 

 
Regression Analysis 

In addition to descriptive and non-parametric analyses, regression analysis was 

conducted to explore the relationship between each demographic characteristic 

and their respective reference categories, as previously mentioned in the research 

design (Table 5). The results suggest that there are no statistically significant 

differences between males and females, primary education level and the other 

levels of education, and the age group of 18-27 and the other age groups, in terms 

of both measured knowledge and perception.  

However, there are some inconsistencies for occupational type. In terms 

of knowledge, being unemployed is found to be significantly different than 

government sector, housewives, and others; but not statistically different from the 

private sector and the self-employed. On the other hand, in terms of perception, 

being unemployed shows a significant difference compared to all the other 

occupation types. Furthermore, measured knowledge is found to be significantly 

different than measured perception (p-value < 0.0001). Regarding the Pearson 

correlation (R = 0.350), the relationship between knowledge and perception is 

considered statistically moderate (R = 0.30 – 0.49) according to the classification 

by Cohen (1988). The relationship is positive, as indicated by a positive value of 

coefficient b. 
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Table 5: Regression analysis 
Knowledge and perception-related factors 

Variables Knowledge score Perception score 

β SE p-value β SE p-value 

Gender       

Female 0.211 0.119 0.078 -0.084 0.537 0.876 

Educational level       

PMR/SPM -0.156 0.190 0.413 0.614 0.849 0.470 

STPM/Diploma 0.157 0.188 0.402 0.714 0.838 0.395 

University degree -0.040 0.222 0.856 -1.357 0.989 0.171 

Age       

28-37 0.154 0.156 0.324 0.1013 0.701 0.149 

38-47 -0.278 0.237 0.242 -0.043 1.069 0.968 

48-57 0.235 0.159 0.141 0.416 0.716 0.562 

58 and above -0.028 0.229 0.904 0.379 1.033 0.714 

Employment type       

Government 0.800 0.261 0.002 6.750 1.105 <0.0001 

Private 0.500 0.330 0.131 5.611 1.399 <0.0001 

Housewife 0.678 0.260 0.010 6.716 1.102 <0.0001 

Self-employed 0.414 0.245 0.092 6.693 1.036 <0.0001 

Others 0.677 0.289 0.020 7.729 1.223 <0.0001 

The relationship between knowledge and perception 

 R R2 β SE t-stat p-value 

Knowledge 0.350 0.123 1.569 0.241 6.499 <0.0001 

 

DISCUSSION 
Knowledge and Perception on Mangrove Forest Sustainability 

The findings from this study suggest that, in general, the community of Kampung 

Baru Nelayan possesses a strong knowledge and perception regarding illegal 

waste disposal and its impact on mangrove forests. For comparison, a recent 

survey by Mazelan and Yusuff (2021) found that residents of Kuala Selangor 

exhibited a high level of knowledge (n = 256, accuracy rate = 85.3%) and 

awareness (n = 256, mean score = 4.48) concerning the impact of domestic waste 

disposal on the sustainability of mangrove forests. Similarly, Abdullah et al. 

(2021) identified a high level of knowledge (n = 100, total score = 80.93±7.77) 

on the importance and sustainability of mangrove forests among respondents who 

lived within the vicinity of Sijangkang Mangrove Recreational Park in Kuala 

Langat district, as determined through in-depth interviews. 
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The findings from this study, along with those of Mazelan and Yusuff (2021) and 

Abdullah et al. (2021) suggest that communities who live or reside near mangrove 

forests in the state of Selangor are knowledgeable about the importance of 

mangrove forest sustainability and conservation, and environmental issues 

associated with mangrove forests such as plastic pollution, illegal waste disposal, 

and littering. This positive outcome may be as a result of years of environmental 

awareness campaigns aimed towards residents of Selangor conducted by various 

governmental agencies and non-profit organizations such as the Department of 

Environment (DOE), Selangor Forestry Department, state municipal councils, 

Malaysia Nature Society (MNS), and Friends of Mangrove. According to Sharma 

et al. (2023), environmental education is considered as one of the best approaches 

to solve environmental degradation issues caused by anthropogenic activities. 

Environmental education is essential for fostering fundamental shifts in how 

people think, act, and make better decisions for the environment. 

 

The Influence of Occupation on Knowledge and Perception 

Abdullah et al. (2021) examined the relationship between the level of knowledge 

and demographic factors. Through ANOVA analysis, Abdullah et al. (2021) 

determined that there are no significant differences in knowledge scores between 

gender, race, income, work sector (occupation), and residency. Instead, 

significant differences in knowledge scores were only observed for education 

level. Interestingly, this contradicts the findings of the current study, This finding 

was contrary to what was found in this study, which determined that no 

significant differences in knowledge scores existed based on education levels. 

Instead, significant differences were identified between occupation groups (Table 

5). 

As discussed previously, respondents in the government sector attained 

the highest score for knowledge and second highest score for perception (Table 

5). This finding was in line with observations reported in Pour et al. (2023), who 

discovered that government servants (n = 21) tend to appreciate forest ecosystem 

services (FES) more than other sectors based on a study conducted at the Hara 

Biosphere Reserve mangrove forest in the Persian Gulf. Specifically, this study 

also highlighted that government servants value mangrove forests as a solution 

to natural hazard mitigation (score = 90.5%). Furthermore, Pour et al. (2023) 

showed that there were significant variations in perceptions of mangrove forest 

services across different occupations.  

Pour et al. (2023) concluded by stating that locally adjusted education 

and conservation programs should be developed based on the perceptions of the 

locals towards mangrove forests. This suggestion could be applied to the Sungai 

Besar mangrove forest and Kampung Baru Nelayan community as well. As 

evidenced in Table 5, it is apparent that there were significant variations in 
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perceptions on the negative impacts of illegal waste disposal on mangrove forests 

across different occupations. Therefore, targeted education and conservation 

programs, especially for the unemployed members of the community, are 

recommended to improve their knowledge and perception. 
 

The Association between Knowledge and Perception 

In general, knowledge has a positive impact on human attitudes, willingness, 

perceptions, and practices within forest management and sustainability (Min et 

al., 2018; Gebregziabher & Soltani, 2019; Liu, 2020; Lucungu et al., 2022; Pour 

et al., 2023). As demonstrated in this study, the regression analysis indicated a 

significant and a positive yet weak correlation between respondents’ knowledge 

of illegal waste disposal and their perceptions towards illegal waste disposal in 

mangrove forests. This generally followed similar trends established in prior 

studies. In terms of occupation, government employees, housewives, self-

employed, and “others” who received high scores for knowledge also received 

high scores for perception. Similarly, unemployed respondents who received low 

scores for knowledge also received low scores for perception.  

 

Recommendations from other studies 

As stated earlier, this study recommends the implementation of targeted 

education and conservation programs for unemployed members of the 

community, to improve their knowledge and perception on illegal waste disposal 

and its impact on mangrove forests. However, past studies on mangrove forest 

conservation show that attention and involvement from other segments of society 

are equally important for effective preservation methods. For example, Kusin et 

al. (2019) states the importance of active participation from minority groups of 

the local communities, younger generations, and education institutions in the 

conservation and management of river and mangrove ecosystems in Kong Kong 

Laut, Johor, Malaysia. On the other hand, Sunoto et al. (2020) stated the need for 

the authorities to engage a broader range of communities near mangrove forests 

instead of only relying on fisherman, as demonstrated in their study in Kampung 

Sungai Melayu, Johor, Malaysia. In view of urban and regional planning, these 

recommendations highlight the challenges faced by authorities in designing and 

implementing successful mangrove forest management and conservation 

programs with significant contributions from communities and stakeholders. For 

this, authorities must device strategic plans to increase environmental awareness 

of this issue among the society and local communities, and to encourage them to 

actively take part in preserving mangrove forests.  
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Limitations of the study 

The scope of this study is limited to assessing the levels of knowledge and 

perception on illegal waste disposal at mangrove forests among the residents of 

Kampung Baru Nelayan. However, this study does not examine the causes of 

illegal landfills at the mangrove forests. Furthermore, this study does not examine 

the level of attitude and practice of the local community towards illegal landfill. 

Further research is needed to highlight these issues.  
 

CONCLUSION 
This study has successfully assessed the level of knowledge and perception 

regarding illegal waste disposal in mangrove forests among the residents of 

Kampung Baru Nelayan. In general, the respondents exhibit a good level of 

knowledge of the negative consequences of illegal waste disposal on the 

environment and human health. They also demonstrate a good perception on the 

importance of sustaining and preserving mangrove forests by reducing illegal 

waste activities at the forests. The knowledge and perception scores among the 

respondents vary significantly among different occupational groups. Government 

employees, housewives, self-employed, and “others” achieved high scores for 

both knowledge and perception, while unemployed respondents obtained the 

lowest scores for both knowledge and perception.  

Based on these findings, targeted education and conservation programs, 

especially for the unemployed members of the community, are recommended to 

improve their knowledge and perception on illegal waste disposal at mangrove 

forests. Authorities and program coordinators are advised to plan and design their 

mangrove forest education and conservation programs carefully, with effective 

communication tools and comprehensive outreach efforts to address challenges 

faced by the community near mangrove forests. This is essential to improve their 

understanding on mangrove forest sustainability and management. 
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Abstract 

 

Green building (GB) encompasses a holistic range of environmentally, socially, 

and economically conscious features addressing sustainability within building 

design, including energy efficiency, technological innovations, and materials 

recycling. Within the realm of housing, these integral green attributes 

synergistically contribute to the creation of living spaces that are not only 

environmentally friendly but also energy-efficient, health-enhancing, and 

comfortable. This comprehensive study investigates the paramount aspect of 

green building through the perspectives of both the general public and experts, 

assessing their acceptance and support for green building practices in Nigeria, a 

strategic choice due to its pivotal role within the Green Building Council in 

Africa, representing one of seven nations. Employing Factor Analysis and the 

Relative Importance Index, our rigorous analysis scrutinizes residential 

developments to pinpoint the most influential green building attribute. Our 

extensive questionnaire, distributed within the bustling metropolis of Kano, 

Nigeria, selected for its substantial population size in northern Nigeria and its 

status as the country's second most populous state, unveils a compelling 

revelation: social attributes wield the most profound influence over the 

successful implementation of green building practices, emphasizing their central 

role in sustainable development initiatives. 

 

 

Keywords: Green Building, Sustainability, Residential Developments, Social 

Influence, Factor Analysis, Relative Importance Index 
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INTRODUCTION 

Green building (GB) is valued for its environmentally friendly, energy-efficient, 

health-enhancing, and comfortable living qualities (Hu et al., 2014). It comprises 

three dimensions: environmental, social, and economic, leading to research 

variations on which aspect gains the most widespread acceptance. Results vary 

due to regional differences, societal norms, and sustainable development levels, 

all affecting preferences for specific green building attributes. 

Sustainability levels differ globally; for instance, Europe, Asia, and 

Africa display varying degrees of sustainable development (Said et al., 2014, 

2016, 2017a&b, 2020, 2022). African nations often lag in social and 

environmental development, contributing to CO2 emissions and environmental 

issues due to fossil fuel use. Conventional building practices globally exacerbate 

these challenges, posing a major sustainability issue (Olanrele et al., 2020). 

African countries, though not major emitters, contribute to CO2 

emissions due to fossil fuel use, impacting climate change. Limited 

industrialization and infrastructure development in the region worsens the issue. 

Conventional building practices are a significant CO2 source (Park et al., 2010), 

adding to environmental concerns. Sustainability in construction remains a 

global challenge, rooted in traditional industry methods (Olanrele et al., 2020). 

Initiatives like Green Building (GB), introduced by organizations such as the 

Green Building Council (GBC) in 1987, offer diverse solutions for 

environmental and societal issues (Michael & Rochelle, 2013). 

GB tackles energy efficiency, renewables, water conservation, and 

materials sustainability via recycling, reuse, and reduction, addressing 

environmental challenges and promoting global sustainability. Nigeria, a 

developing nation, established its Nigerian Green Building Council (NGBC) in 

2014, affiliated with the World Green Building Council (WGBC). 

In Kano, Nigeria, despite an increasing number of luxury buildings and 

estates, there are no green residential or non-residential structures as per the 2016 

GBC report. Nonetheless, Dahiru et al. (2014) noted the potential for green 

building in Nigeria, considering the region's environmental challenges tied to 

construction projects. Construction industry professionals have shown support 

for green building concepts to address these concerns. However, a critical 

question remains: Do households understand green building concepts, and what 

are their perceptions and willingness to invest in traditional residential buildings? 

This research aims to uncover these vital insights. 

 
RESEARCH BACKGROUND 

Sustainable Development of Green Buildings  

80%+ of households live in traditional buildings, but over 50% of global 

construction projects lack sustainability. Green Building (GB) emerged to drive 

sustainable development and combat climate change effects, urging the 
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construction industry and experts to act urgently. This addresses environmental 

preservation amid threats, including construction activities (Saulius et al., 2013). 

Buildings serve as vital habitats, offering shelter and comfort when 

environmentally conscious in design (Ho et al., 2005). Despite people spending 

most of their time indoors, they often underestimate construction's adverse 

effects on the environment and society. Construction carries both positive and 

negative outcomes, including pollution and waste generation (Ali & Nsairat, 

2009). While it enhances spatial structure and infrastructure, acknowledging its 

impact on a nation's overall development is crucial (Daramola et al., 2014) 

Countries with developed infrastructure, whether developed or 

developing, achieve higher sustainable development levels, benefiting their 

economy, society, and environment (Nduka & Sotunbo, 2014). The 

interdependence of these three aspects in sustainability is widely acknowledged 

(Otegbulu, 2011; Ali & Nsairat, 2009; Ho et al., 2005). Nations like France, the 

UK, and the USA, with a history of economic development, showcase strong 

societal and environmental sustainability, making green buildings more popular 

than conventional ones in the pursuit of environmental sustainability. 

Conventional buildings provide limited benefits to the environment, 

society, and the economy. They contribute to environmental degradation and 

worsening climate conditions. They are responsible for 20-40% of energy 

consumption (Chau et al., 2010), 10% of global CO2 emissions (Park et al., 

2012), and over one-third of global greenhouse gases (Romero et al., 2013). 

These negative effects primarily harm society, endangering well-being and 

hindering economic growth. 

Conventional buildings pose several environmental challenges, 

including energy inefficiency, poor indoor air quality, emissions, high waste 

generation, and non-environmentally friendly materials. Poor waste management 

and insufficient sustainable design practices result in pollution during 

construction, including air pollution, solid waste, and hazardous materials 

(Michael & Rochelle, 2013). These pollutants contribute to greenhouse gas 

emissions and climate change. Additionally, conventional buildings have 

adverse effects on human health, especially occupants. 

The three key dimensions of GB (environmental, social, and economic) 

have been subjects of research to determine their importance and acceptance 

levels (Said et al., 2016, 2017, 2020). Additionally, Zuo & Zhao (2014) identified 

research gaps, categorizing studies based on assessment tools' effectiveness, 

specific population demands, and future-proofing considerations. Understanding 

the demand for green buildings is crucial, as preferences depend on desired 

attributes and the population's willingness to adopt them. 
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Green Building Attributes 

Existing studies on green building, involving various researchers (Ho et al., 

2005; Paul & Taylor, 2007; Ali & Nsairat, 2009; Achinicht, 2010; Zalejska-

Jonsson, 2012; Kim et al., 2013; Dahiru et al., 2014), have explored its 

dimensions: environment, society, and economy. They've identified factors 

emphasizing societal benefits due to green building eco-friendliness, energy 

efficiency, health, and comfort (Hu et al., 2014). Green building development's 

success hinges on household perceptions, preferences, and willingness to pay 

(WTP). These preferences, expressed by residents or rated by systems like 

LEED, BREEAM, and HK-BEAM, are considered attributes of green buildings. 

Some research suggests these attributes positively affect economic gains, such 

as utility benefits, making users more inclined to pay for green buildings, thereby 

increasing demand in the real estate market. 

Goodwin (2011) summarized research on green building demand from 

1975 to 2010, categorizing perspectives based on attributes. Banfi et al. (2008) 

focused on the willingness to pay for environmental attributes. It's crucial to note 

that results can vary across regions due to different behaviours and attitudes 

among respondents. Goodwin (2011) noted differences in outcomes between 

studies in the USA, Switzerland, and Sweden. Many studies have explored 

attributes within specific populations, such as Achinicht's (2010) German study, 

where homeowners prioritized environmental benefits (heating systems) over 

insulation choices in a choice experiment. 

Green building attributes significantly influence demand for 

conventional buildings, with homebuyers willing to pay for them. In Nanjing, 

China, high-income individuals paid more for improved comfort, while both high 

and low-income respondents paid extra for unpolluted environments and non-

toxic materials in good locations (Hu et al., 2014). In Hong Kong, both green 

and conventional residents were willing to pay more for energy conservation 

compared to indoor air quality, noise reduction, landscape enlargement, or water 

conservation (Chau et al., 2010). Hu et al. (2014) identified five attributes 

affecting willingness to pay, three benefiting households, and two focusing on 

environmental conservation (unpolluted environment and non-toxic materials), 

with only higher-income individuals willing to pay for these. 

In the UK, attracting potential tenants requires effectively 

communicating tangible cost savings from energy-efficient buildings (Adan & 

Fuerst, 2015). Green building buyers also value better health conditions. Besides 

green building attributes, the living environment, including location and 

neighbourhood quality, influences housing decisions. Western countries show a 

higher willingness to pay for factors like job opportunities, cleanliness, security, 

avoiding landfills, and air quality over amenities like gyms and cultural services, 

possibly due to health-related concerns (Achinicht, 2010). 
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Based on the literature review, the authors have identified various 

attributes of green buildings across different dimensions. These attributes include 

comfort, health, unpolluted environments, non-toxic materials, good locations 

(Ali & Nsairat, 2009); energy bill reduction, CO2 emission reduction, volatile 

organic compound emission reduction, and IT facility application (Park et al., 

2012); energy conservation, indoor air quality improvement, noise reduction, 

landscape enlargement, and water conservation (Chau et al., 2010); and various 

aspects of comfort and satisfaction (Paul & Taylor, 2007). Additional attributes 

encompass site, material, water, energy, indoor environmental quality (Ho et al., 

2005); land use, soil change, light environment, transportation, residential 

environment usability, energy resource-saving, environmental pollution, water 

resources management, green space construction, living space for biodiversity, 

and atmosphere and noise environments (Kim et al., 2013). Lastly, there are 

attributes related to lower energy costs, annual electricity and water cost 

reduction, long-term fuel cost reduction, preservation of water resources, 

expanding market for eco-friendly products, reduced health impacts, improved 

occupant satisfaction and comfort, and increased transportation options for 

employees (Waidyasekara & Fernando, 2012). 

 

METHODOLOGY 

As previously discussed, the attributes of green buildings can be categorized into 

three dimensions: environment, society, and economy. Each of these dimensions 

has implications for the development of residential and other types of green 

buildings. To assess the demand for residential green buildings within a specific 

population, it is essential to determine the preferences for these attributes, which 

can be measured using the Relative Importance Index (RII). Subsequently, 

another test, such as Factor analysis, can be conducted to explore the 

relationships and correlations among these attributes. 
 

Data Collection 

This survey employs a field survey approach to collect firsthand information 

from participants who rank factors influencing household satisfaction, aiming to 

assess support for improving conventional buildings in Kano, Nigeria. The field 

survey aids in clarifying measurements and utilizes the Likert Scale (Said et al., 

2016, 2017, 2020), where respondents rate attributes on a scale of 1 (very low) 

to 5 (very high). 

The survey questionnaire consists of two parts, each with two sections. 

Part One's first section gathers demographic information with nine questions. 

Part Two, the second section, lists green building attributes influencing the state's 

preference for residential green building implementation.  

Part One includes 43 variables, while Part Two encompasses 28 

variable sets. These attributes are drawn from literature, household data, and state 
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authorities. Furthermore, the green building attributes are categorized into three 

dimensions as follows: 

 

i) Environmental Attributes  

ii) Social Attributes  

iii) Economic Attributes 

 

 The respondent survey utilizes random sampling to gauge public and 

expert support for green building development in Kano State, Nigeria. Kano 

State, positioned between latitudes 10° 33'N and 12° 23'N and longitudes 7° 45'E 

and 9° 29'E, had a 2006 census population of 9,401,288. Located in northern 

Nigeria, it shares borders with Jigawa, Katsina, Kaduna, and Bauchi. Second in 

population only to Lagos, it spans 20,131 sq. km (3.13% of Nigeria's total area) 

and comprises 44 local government areas. Kano State is divided into three 

geopolitical zones: Kano Central, Kano South, and Kano North, and plays a 

pivotal role as a commercial hub in northern Nigeria. (Adebayo et al., 2013; 

Naibbi & Healey, 2013). Figures 1 and 2 display the positions of Nigeria and 

Kano State on the Nigerian map, respectively.  

 

 
Figure 1:  Map of Nigeria 

Source: Wikimapia (2023) 
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Figure 2: Map of Kano State, Nigeria 

Source: Wikimapia (2023) 
 

We used random sampling to ensure diverse representation. We 

distributed 350 questionnaires in Kano State to both the general public and 

experts from various professions, categorizing all as Kano metropolis households 

(Table 1), with respondent ages ranging from 20 to 50+ within each household. 

 
Table 1: Respondents of Kano Metropolis 

Questionnaire Distributions 

Kano metropolis Specific Areas Distributed 

1.Kano Municipal  Zage, Zango, K/mata 

2.Gwale BUK, G/Kyaya 

3.Dala Koki, K/Wambai 

4.Tarauni Yan Gwan-gwan 

5.Nasarawa  GRA, Alfurkan 

6.Fagge Bata, Kwari 

 

DATA ANALYSIS 

Data analysis involved using the Relative Importance Index (RII) method to 

assess each factor's contribution in improving conventional residential buildings, 

based on respondent perceptions. Factor analysis (FA) then extracted key factors 

from the dataset. 
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Relative importance index 

Relative importance refers to the proportionate contribution that each predictor 

makes to R2, taking into account both its individual impact and its incremental 

effect when combined with other predictors (Johnson & LeBreton, 2004; Wood 

et al., 2019). 

 

RII =
∑ 𝑊

𝐴 × 𝑁
(0 ≤ 𝑅𝐼𝐼 ≤ 1) 

 

Where;  

RII = Sum of weights (W1 + W2 + W3 + W4……+ Wn) / A x N  

W = weights given to each attribute (i.e., 1 to 5 where ‘1’ is very low important 

and ‘5’ is very highly important.  

A = highest weight (i.e., 5 in this case)  

N = total number of respondents   

 

Factor Analysis  

Factor analysis, as utilized by Htet & Wongsunopparat (2021), reveals latent 

variable dimensions by reducing the attribute space. It operates independently of 

a specified dependent variable and serves various purposes: 
Reducing variables for modelling. 

Confirming test convergence, and reducing test administration. 

Validating scales or indices. 

Selecting variables based on their correlation with principal components. 

In this research, factor analysis validates the index obtained from RII, assessing 

support for green building attributes. 

 

RESULTS 
Respondents’ Profile 

Table 2 presents the respondent's background, categorized into the respondent 

profile, housing information, and income. Examples of these categories include 

gender, age, marital status, education, and employment. 
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Table 2: Respondents’ Profile 

Profile 

information 

Category Frequency Percentages 

(%) 

Gender 

  

Male 

Female 
152 

48 

76.0 

24.0 

Total 200 100.0 

Age(years)  20 and Below 

21 – 30years 

31 – 40years 

41 – 50years 

51 and above 

6 

69 

68 

46 

11 

3.0 

34.5 

34.0 

23.0 

5.5 

Total 200 100.0 

Marital status  Single 

Married 

Divorced 

64 

122 

14 

32.0 

61.0 

7.0 

Total 200 100.0 

Education Diploma 

Degree 

Masters 

PhD 

Others 

48 

80 

31 

10 

31 

24.0 

40.0 

15.5 

5.0 

15.5 

Total 200 100.0 

Employment  Civil servant 

Private 

Pension 

Unemployed 

Others 

80 

65 

13 

32 

10 

40.0 

32.5 

6.5 

16.0 

5.0 

 Total 200 100.0 

 
Using a five-point response scale (Tables 3(a)-(c)), RII generates 

values from 0.1 to 1.0. The group index averages RII scores within the 

environment, social, and economic categories. Social (Table 3(a)) had the highest 

average RII score of 0.663, followed closely by environment (0.642) and 

economic (0.633). This highlights social aspects as most important in green 

building preferences, particularly emphasizing a clean environment, aligning 

with Ali & Nsairat's (2009) findings. Therefore, ensuring cleanliness during 

construction is crucial for residential development. 
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Table 3 (a): Relative Important Index of Social Attributes 

Factor 1 2 3 4 5 W RII 
Ran

k 

Social attributes       
0.663

* 
1 

Site drainage patterns 
2

3 

2

9 

4

9 

4

7 

5

2 

67

6 
0.676  

Operation and maintenance 
1

9 

3

7 

4

6 

5

4 

4

4 

66

7 
0.667  

Waste management (recycle/reduce) 
3

1 

2

2 

5

9 

5

5 

3

3 

63

7 
0.637  

Location (bad/fair/good) 
1

6 

2

3 

6

0 

4

7 

5

4 

70

0 
0.700  

Site selection 
1

7 

2

9 

6

7 

4

8 

3

9 

66

3 
0.663  

Building orientation 
2

0 

3

8 

6

9 

3

9 

3

4 

62

9 
0.629  

Daylight consideration 
1

3 

1

8 

7

5 

5

7 

3

7 

68

7 
0.687  

Ventilation 
1

4 

3

2 

5

2 

5

2 

5

0 

69

2 
0.692  

Building designing ( in-house/expert 

design) 

1

0 

2

7 

6

8 

4

9 

4

6 

69

4 
0.694  

Landscape area enlargement 
2

4 

3

1 

5

6 

5

6 

3

3 

64

3 
0.643  

Adverse health impacts 
1

5 

3

0 

6

0 

5

6 

3

9 

67

4 
0.674  

Transportation options for employee 
2

1 

3

8 

5

2 

5

6 

3

3 

64

2 
0.642  

Information Technology facilities 
2

5 

2

4 

6

5 

4

8 

3

8 

65

0 
0.650  

Waterways 
2

2 

3

2 

6

8 

4

0 

3

8 

64

0 
0.640  

Noise level  (low/high) 
2

7 

2

7 

6

3 

4

2 

4

1 

64

3 
0.643  

Painting colour (i.e. 

gold/green/white/brown) 

2

3 

4

2 

5

8 

4

6 

3

1 

62

0 
0.620  

Access to amenities 
1

7 

3

5 

4

3 

4

9 

5

6 

69

2 
0.692  

Well and Borehole 
4

3 

2

5 

3

6 

4

4 

5

2 

63

7 
0.637  

Building quality 
1

4 

2

7 

4

6 

5

5 

5

8 

72

0 
0.720  

Crowding 
3

2 

3

9 

6

6 

3

7 

2

6 

58

6 
0.586  

Environment (Clean/unclean) 
1

4 

2

2 

4

5 

5

3 

6

6 

73

5 
0.735  

 



PLANNING MALAYSIA 

Journal of the Malaysia Institute of Planners (2023) 

 319  © 2023 by MIP 

Respondents ranked the environment group second in influence on 

residential green buildings. Key factors in this category were connecting with 

nature (RII 0.686), environmentally friendly construction (RII 0.671), and 

lighting environment (RII 0.664) (Table 3(b)). These findings support Achinicht 

(2010) and Daramola et al. (2014), emphasizing the importance of aligning 

housing policies with environmental protection, as suggested by Dahiru et al. 

(2014). 
 

Table 3 (b): Relative Important Index of Environment Attributes 

Factor 1 2 3 4 5 W RII 
Ran

k 

Environment attributes       
0.642

* 
2 

Environmental issues 

(polluted/Unpolluted) 

4

6 

3

1 

5

2 

2

3 

4

8 

59

6 
0.596  

Materials used in construction 
2

3 

4

7 

5

5 

3

5 

4

0 

62

2 
0.622  

CO2 emissions (high/low) 
3

5 

3

4 

7

7 

2

6 

2

8 

57

7 
0.577  

Living space for biodiversity 
1

8 

3

0 

6

3 

5

9 

3

0 

65

2 
0.652  

Connecting with Nature 
1

5 

2

8 

5

8 

5

7 

4

2 

68

6 
0.686  

Water conservation (reduce/recycle) 
2

5 

4

4 

6

2 

4

2 

2

7 

60

4 
0.604  

Construction of green space 
2

2 

3

0 

6

5 

5

0 

3

3 

64

5 
0.645  

Lighting environment 
1

9 

3

3 

5

0 

6

4 

3

4 

66

4 
0.664  

Protection of ecological resources 
2

2 

4

1 

6

0 

4

0 

3

7 

63

2 
0.632  

Air pollution (increase/Reduce) 
3

0 

2

4 

5

2 

4

5 

4

9 

66

2 
0.662  

Environmentally-friendly construction 
1

3 

3

2 

6

2 

5

9 

3

4 

67

1 
0.671  

Soil and water conservation 
1

8 

3

2 

5

9 

5

4 

3

7 

66

0 
0.660  

Land preservation 
1

6 

3

8 

5

8 

5

3 

3

5 

65

3 
0.653  

Energy use (efficiency/renewable) 
1

6 

3

2 

6

6 

5

4 

3

2 

65

4 
0.654  

Microclimate Factors (solar &wind 

loads) 

3

0 

2

4 

5

8 

4

7 

4

1 

64

5 
0.645  

 

Economic benefits (Table 3(c)) had the lowest average RII (0.633), 

indicating lower importance compared to social and environmental aspects. 

Though the score gap isn't wide, it's around 0.6. Individually, energy cost issues 

ranked highest (RII), supported by Waidyasekara & Fernando (2012), followed 
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by expanding the market for environmentally preferable products (green 

building), making them the most beneficial and economical aspects in adopting 

green concepts in Kano, Nigeria. 
 

Table 3 (c): Relative Important Index of Economic Attributes 
Factor 1 2 3 4 5 W RII Rank 

Economic attributes       
0.633

* 
3 

Energy costs (high/low) 27 
2

8 

7

3 

3

7 
35 629 0.629  

Local recycling market (building materials) 25 
3

8 

6

9 

3

5 
33 613 0.613  

Expand the market for environmentally preferable 

products(green building) 
20 

3

0 

6

3 

5

4 
33 650 0.650  

Use of Recyclable materials 22 
3

8 

6

9 

5

0 
21 610 0.610  

Energy issues (efficiency/renewable) 21 
2

8 

6

1 

5

8 
32 653 0.653  

Labour cost (Manpower/machine/material) 18 
2

6 

7

8 

4

9 
29 645 0.645  

 

Factor Analysis 

The primary aim of the Factor analysis (FA) was to validate the index findings 

by identifying and enumerating the list of important components, following the 

approach suggested by Zatoril et al. (2018). To assess the adequacy of the FA, 

the accepted criteria relied on the Kaiser-Meyer-Olki (KMO) and Bartlett's Test. 

The KMO is a measure of sampling adequacy (Figure 3), and generally, a KMO 

value within the range of 0.6 to 0.9 indicates that the sample is sufficient and 

acceptable, with values of 0.8 to 0.9 considered particularly favourable 

(Sahbaeiroy, 2018). In this analysis, the KMO value is calculated to be 0.849 for 

all variables, indicating that the sample is adequate for further analysis and 

validation of the findings. 
 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .849 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 3112.623 

Df 861 

Sig. .000 

Figure 3: KMO and Bartlett's Test 
 

Table 4 reveals 12 components extracted from the initial set of 43 

variables via factor analysis, encompassing key aspects of green building 

(environmental, economic, and social). The primary factor is social, closely 

linked to environmental factors and less so to the economic group. These factors 

include waste management, unpolluted environment, biodiversity-friendly living 
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spaces, connecting with nature, operation and maintenance, lighting, 

environment, soil and water conservation, among others. 

Additionally, social attributes merge with economic attributes as a 

selective component, with the environment group more relevant to the 

completion phase. Attributes like indoor ventilation, occupant habitability, 

annual electricity costs, consistent electricity supply, occupant health, renovation 

and demolition costs, and indoor daylight play significant roles in household 

satisfaction. These components offer valuable insights into preferences for green 

building attributes. 

 
Table 4: Component Extraction 

Factors/Components Questionnaire title Extraction Rank 

Waste management (recycle/reduce) 
SOCIAL 

ATTRIBUTE 3 
0.781 1 

Environmental issues (polluted/Unpolluted) 
ENVIRONMENT 

ATTRIBUTE 1 
0.758 2 

Living space for biodiversity ENA4 0.721 3 

Connecting with Nature ENA5 0.721 4 

Operation and maintenance SOA2 0.696 5 

Lighting environment ENA8 0.690 6 

Soil and water conservation ENA12 0.686 7 

Microclimate Factors (e.g. solar &wind 

loads) 
ENA15 0.685 8 

Information Technology facilities SOA13 0.683 9 

Building quality SOA19 0.678 10 

Protection of ecological resources ENA9 0.677 11 

Building designing ( in-house/expert 

design) 
SOA9 0.677 12 

 

The assessment acknowledges that initially, only social and 

environmental attributes were extracted, and no economic grouping variables 

were included to validate the findings of the Relative Importance Index (RII). 

Consequently, we can conclude that the social attributes exhibit distinct 

characteristics when analyzed using FA and RII. 

 

CONCLUSIONS 

The study employed the Relative Importance Index (RII) and Factor Analysis 

(FA) to analyze and identify key attributes of residential buildings. It examined 

the most influential factor within the dimensions of green residential buildings, 

both in the preliminary and completion stages, focusing on household benefits. 

The preliminary stage is most influenced by variables from the social and 
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environmental groups, while the completion stage is significantly influenced by 

attributes from the environmental and social dimensions, all of which relate to 

end-user benefits. 

In the real estate sector, land and property development is notably 

expensive compared to other industries worldwide. Conventional buildings often 

lead to issues like energy inefficiency, poor indoor quality, emissions, excessive 

waste, and non-environmentally friendly construction materials. These 

shortcomings, along with inadequate waste management and design 

considerations, directly impact households. 

To address these challenges and promote sustainable building 

practices, the concept of green buildings has emerged. Green buildings integrate 

various features related to the environment, society, and economy to create eco-

friendly, energy-efficient structures. In this study, the Relative Importance Index 

(RII) and Factor Analysis (FA) determined the most important attribute based on 

household preferences. The research involved distributing questionnaires to 

households in Kano, Nigeria's metropolis. 

The findings revealed that, among the three aspects of green building, 

the social attribute held the greatest influence on household preferences. This 

highlights that building designs emphasizing social factors, like community well-

being and environmental awareness, have the most significant impact on the 

support and acceptance of green building concepts among surveyed households. 
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Abstract 

 

Land subsidence in urban areas is geohazard that can be caused by tectonic 

movements, changes in aquifer networks, or anthropogenic activities such as 

excessive groundwater extraction, mining, tunnelling, and plantations. The 

degree of land subsidence can be monitored using time-series vertical 

deformation data extracted from Sentinel-1 satellite imagery using the modified 

D-InSAR method. This study aims to determine the land subsidence dynamics of 

16 cities in Malaysia based on time-series vertical deformation data, including 

Kota Bahru, Kuala Terengganu, George Town and Butterworth, Alor Setar, 

Kangar, Ipoh, Seremban, Malacca, Kuala Lumpur, Putra Jaya, Shah Alam, 

Kuantan, Johor Bahru, Kinabalu, Bandar Labuan (Victoria), and Kuching. The 

time-series vertical deformation data used in this study were extracted between 

2014-2022. Negative values of vertical deformation indicate that land subsidence 

is occurring, while positive values of vertical deformation are indicative of 

regional uplift. The overall rate of land subsidence in Malaysia is between -0.5 

cm to -6.0 cm, while the average uplift rate is between +0.5 cm to +4.5 cm. An 

analysis of the data extracted reveals that the city that is most vulnerable to land 

subsidence is Johor Bahru, followed by Kuala Terengganu, Seremban, Kuala 

Lumpur, Shah Alam, Malacca, and Kuantan, while the city that has the lowest 

risk of land subsidence is Kangar. In contrast, cities that are vulnerable to regional 

uplift are Kinabalu and Bandar Labuan (Victoria). The results of this study can 

be used to guide urban planning initiatives, allowing them to consider any threats 

that might be posed by land subsidence. 

 

Keywords: Land Subsidence, Time-Series Vertical Deformation, Modified D-

InSAR, 16 cities of Malaysia 
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INTRODUCTION 
Malaysia is a Southeast Asian country that has undergone significant urban 

development in recent years. The development of cities has been characterized 

by the addition of residential districts, increased population density, increasingly 

accessible transportation services, and topographical changes. One of the major 

geohazards that large cities face is land subsidence. Land subsidence is a 

geological hazard phenomenon (Motagh et al., 2017; Zhu et al., 2015). Land 

subsidence is becoming an increasingly important problem in Malaysia, with 

several cities experiencing some form of land subsidence (Muhammad et al., 

2021). Land subsidence is most commonly caused by active tectonic movement 

but can also be due to anthropogenic activities (Julzarika et al., 2021). Excessive 

groundwater extraction, tunnelling, excessive infrastructural development, and 

mining activities that may disrupt aquifers are the example of anthropogenic 

activities (Ardha et al., 2021; Julzarika et al., 2022; Muhammad et al., 2021). 

The Malaysian area less experienced land subsidence due to the tectonic 

movement. Land subsidence in large cities in Malaysia is more likely to be caused 

by groundwater extraction. Cities such as Kuala Lumpur and Johor Bahru have 

undergone a significant degree of residential development as well as an increase 

in population density, while regions such as Kota Bahru (Kelantan) represent 

approximately 38 % of the national groundwater demand. These factors have 

resulted in an increase in groundwater consumption from 1990 to 2010 

(Suratman, 2012). Rates of land subsidence in Malaysia are still relatively low, 

especially when compared to regions such as the northern Java, California, and 

the northern Africa (Ardha et al., 2021; Mohamed & Gonçalvès, 2021; 

Stampoulis et al., 2019). This phenomenon is still concerning to local 

governments and residents, and the steps should be taken to ensure that future 

incidents do not occur. Consequently, land subsidence monitoring  is key in areas 

that encompass fault boundaries or in large, dynamic cities (Suhadha et al., 2021). 

Land subsidence can impact a community’s economy, disrupt regional and urban 

planning, and damage existing infrastructure, such as by disrupting underground 

utility lines, allowing for seawater intrusion, damaging the foundations of 

buildings, and increasing the risk of tidal flooding. The primary concerns are the 

impact on the environment as well as the impacts on the urban economy 

associated with asset loss. This study aims to analyse the land subsidence 

dynamics in Malaysia based on modified Differential Interferometry Synthetic 

Aperture Radar (D-InSAR) from Sentinel-1. 

 

RESEARCH METHODOLOGY 
Study Area 

This research area is located in 16 cities of Malaysia. The selection of these 16 

cities was based on regional administrative conditions (state capital), population 
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density, and groundwater consumption potential. Population density has a linear 

correlation with groundwater consumption potential. The 16 cities referred to in 

this study can be seen in Figure 1. The 16 cities include (1) Kota Bahru, (2) Kuala 

Terengganu, (3) George Town and Butterworth, (4) Alor Setar; (5) Kangar, (6) 

Ipoh, (7) Seremban, (8) Malacca, (9) Kuala Lumpur, (10) Putra Jaya, (11) Shah 

Alam, (12) Kuantan, (13) Johor Bahru, (14) Kinabalu, (15) Bandar Labuan 

(Victoria), and (16) Kuching. 

 

 
Figure 1: Study Area in 16 Cities of Malaysia 

Source: Author modification from World Imagery 
 

D-InSAR and Sentinel-1 

D-InSAR is an active remote sensing technique based on the principle of 

analysing paired and co-registered SAR images with different acquisition times 

to detect displacements down to subcentimeter along the sensor's line of sight to 

the target or Line of Sight (LOS) (Suhadha & Julzarika, 2022). It is similar to 

terrain motion measurement. This method can be used for efficient and effective 

mapping and to complement the deficiencies of existing field survey data 

(Devanthéry et al., 2016). Sentinel-1 imageries are used to extract the vertical 

deformation using modified D-InSAR. The Sentinel-1 is a radar satellite (C band 

sensor) with a spatial resolution of 5 to 10 m and a temporal resolution of 6 to 12 

days (ESA, 2019).  

The modified D-InSAR method is a modified method of the traditional 

D-InSAR, P-SBAS, and PS-InSAR, which has taken into account the error 

propagation in the model and data used and has changed the final result of vertical 

deformation LOS to vertical deformation (true) (Julzarika et al., 2022; Suhadha 

et al., 2021). The result of vertical deformation is still in the form of LOS, so it is 

necessary to make nadir corrections or vertical deformation (true). LOS vertical 

deformation means that the oblique vertical deformation value corresponds to the 

direction of the satellite's viewing angle to the ground surface, see equation (1) 

(Ferretti et al., 2007; Rucci et al., 2012). Vertical deformation (true) means that 
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the resulting vertical deformation value has been nadir corrected or perpendicular 

to the nadir. The vertical deformation value (true) is close to the actual value in 

the field; see equation (2) (Suhadha et al., 2021). 

 
Vertical deformation (LoS) = 2πΔr / λ =(4π*B*q) / (λ*R) ……..........… equation (1) 

 

Vertical deformation (true) = vertical deformation (LoS) * cos θ …….. equation (2) 

θ = incidence angle; B = the perpendicular baseline; q = the displacement between the 

resolution cell along the perpendicular to the slant range; R = the radar target distance;  

λ = SAR wavelength 

 

The D-InSAR results still have low vertical accuracy, so it is necessary 

to integrate with several field measurement points. Measurements with D-InSAR 

focus on results in precise vertical deformation (Julzarika et al., 2022; Rucci et 

al., 2012). Field data brings the value of vertical deformation according to the 

existing reference plane on the earth's surface. This method can complement the 

need for more available field survey data. The D-InSAR and field data integration 

results will produce high-precision and high-accuracy vertical deformation 

measurements over a wide area. Vertical deformation monitoring is critical to 

support security and regional planning, especially in areas with dynamic land use 

changes and cities like Malaysia. 

 

RESULTS AND DISCUSSION 
The results of this study are the time-series vertical deformations across Malaysia 

between 2014-2022. The results were analysed using accuracy and profile tests. 

The results of the vertical deformation analysis can be used to determine whether 

the city is experiencing land subsidence or uplift. Vertical deformation on the 

Earth's surface geodynamics can be categorised into land subsidence and uplift. 

Land subsidence is a vertical deformation with a negative value, while uplift is a 

vertical deformation with a positive value. This negative value means a decrease 

in the surface, while a positive value means an increase in the surface.  

Our analysis revealed a significant global vertical deformation anomaly 

in 2020-2021. This anomaly refers to abnormal changes in vertical deformations, 

such as the occurrence of extremely rapid rates of land subsidence or instances of 

extreme uplift. More simply, the global vertical deformation anomaly can be 

described as the opposite of previous vertical deformation patterns. The impact 

of the global vertical deformation anomaly causes irregularities in the 

geodynamic movements. It is away from the equilibrium point of tectonic 

movements and changes the composition pattern of land 29% and water 71%. 

Figure 2 is the global vertical deformation anomaly. In 2020, there was a 

significant negative vertical deformation anomaly that affected most of Malaysia. 
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Several areas experienced uplift during the global vertical deformation anomaly, 

especially in areas where subsidence had occurred before 2020.  

In addition, there was an episode of vertical deformation in 2021-2022 

in the opposite direction of the deformation observed during 2020-2021 anomaly. 

For example, if extreme subsidence had occurred in 2020-2021, then the same 

area would have experienced extreme uplift during 2021-2022, effectively 

returning the regions to the equilibrium (balance movements) conditions 

experienced prior to the 2020 anomaly. Similarly, areas that experienced extreme 

uplift during the 2020-2021 anomaly experienced extreme subsidence 2021-

2022. The following are the results of the vertical deformation dynamics and 

cross-section profile patterns in 16 cities in Malaysia. The locations of these 16 

cities are grouped into the west coast of Peninsular Malaysia, the east coast of 

Peninsular Malaysia, and East Malaysia. 

 

 
Figure 2: Global Vertical Deformation Anomaly 2020-2021 

Source: Author calculation (2020-2022) 

 
(1) West Coast of Peninsular Malaysia 

The west coast of Peninsular Malaysia includes Kangar, Alor Setar, George Town 

and Butterworth, Ipoh, Seremban, Kuala Lumpur, Putra Jaya, Shah Alam, and 

Malacca. Kangar is a city near the Thailand border that experiences lower land 
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subsidence, see Figure 3(A). In 2014-2020, there was a subsidence of -0.5 cm. In 

2020, this region was affected by the effects of the global vertical deformation 

anomaly. Kangar experienced an extreme uplift of +10.0 cm. This uplift condition 

is due to the area around Kangar experiencing a subsidence movement so that the 

city is surrounded and affected by a balancing movement towards the surrounding 

area. There will be a subsidence of -0.5 cm in 2021, but this region has yet to 

reach equilibrium after the global vertical deformation anomaly. The impact of 

the 2021 subsidence will cause more significant subsidence in 2022. The 2022 

subsidence value is -9.0 cm. In addition to natural balance factors, it can also be 

caused by groundwater extraction or changes in the aquifer networks. Overall, 

Kangar did not experience any significant vertical deformation during the 2020-

2022 period. In 2022, the vertical position of Kangar will be almost the same as 

the vertical position in 2020. Some areas in Kangar will experience land 

subsidence of -0.5 cm, and some areas in Kangar will experience an uplift of +0.5 

cm. Kangar is an example of an ideal area in Malaysia that experiences a balance 

of tectonic movements and moderate consumption of groundwater. 

Alor Setar is the capital of the state of Kedah. Alor Setar is located in 

the northern part of Peninsular Malaysia. The Alor Setar area has soft soil 

conditions, and the large Kedah River crosses it. Parts of Alor Setar are river 

deltas and are prone to sedimentation. Soft soil conditions cause vulnerability to 

land subsidence, while sedimentation causes vulnerability to uplift. In 2014-2020, 

Alor Setar was dominated by land subsidence of -0.5 cm, see Figure 3(B). In 

2020, Alor Setar was affected by a global vertical deformation anomaly, which 

caused an uplift of +2.5 cm. Likewise, in 2021, Alor Setar will experience another 

uplift of +3.0 cm. High sedimentation also affects the uplift value in 2020-2021. 

In 2022, a tectonic equilibrium occurred and caused Alor Setar to experience a 

subsidence of -7.0 cm. These conditions are close to the vertical position as before 

2020. In the 2020-2022 period, Alor Setar experienced land subsidence of -1.5 

cm. The condition of the vertical deformation movement, which sometimes 

subsides and sometimes uplifts, is also influenced by anthropogenic activities and 

the major flood that hit Alor Setar. For example, floods in 2022 will occur in a 

wide area, and extended inundation is caused by high land subsidence. Another 

factor that caused the uplift in 2020-2021 and high subsidence (-7.0 cm) in soft 

soil is the aquifer networks changes, and surface water from rain becomes easily 

stagnant on the surface. 

George Town is the state capital of Pulau Pinang. It is located on an 

island and is separated from Peninsular Malaysia. The opposite side east of 

George Town is Butterworth. In 2014-2020, George Town and Butterworth 

experienced land subsidence of -2.0 cm, see Figure 3(C). In 2020, these two cities 

experienced an uplift of +2.0 cm. Then, in 2021, these two cities will be 

dominated by an uplift movement of +5.5 cm. Geodynamic equilibrium in this 
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area will occur in 2022. The dominance of subsidence of -13.0 cm causes tectonic 

movement towards conditions before 2020. George Town and Butterworth 

experienced land subsidence of -5.5 cm in 2020-2022. Infrastructure 

development, groundwater consumption, land cover changes, and aquifer 

dynamics can cause high land subsidence in George Town and Butterworth. 

 

 
 

Figure 3:  Time-Series Vertical Deformation in the West Coast of Peninsular Malaysia 

(2014-2022). A. Kangar; B. Alor Setar; C. George Town and Butterworth; D. Ipoh; E. 

Seremban; F. Kuala Lumpur; G. Putra Jaya; H. Shah Alam 
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Ipoh is the capital of the state of Perak. It is located in the central part 

of Peninsular Malaysia or north of Kuala Lumpur. In 2014-2024, Ipoh is 

dominated by land subsidence with a value of -1.0 cm, see Figure 3(D). Then, in 

2020 and 2021, Ipoh will be affected by a global vertical deformation anomaly, 

which causes an extreme uplift. Another factor that caused the uplift was 

landslides and significant floods in 2020-2021. The 2020 uplift value is +21.0 

cm, and the 2021 uplift value is +22.0 cm. A landslide causes the formation of 

piles of soil (uplift) with a broader area, but the landslide point causes subsidence 

in a smaller area. Major floods cause sedimentation and mineral displacement to 

form new land or increase the thickness of the soil (uplift). In 2022, Ipoh 

experience a land subsidence of -1.0 cm. Ipoh is a geological area that experiences 

high dynamics. Uplift and subsidence can occur one after another, depending on 

natural conditions, and anthropogenic activities. Fault movements cause natural 

conditions. Anthropogenic activities include excess groundwater extraction, 

plantation and mining activities, and infrastructure development. Ipoh is 

dominated by an uplift in 2020-2022. 

The Seremban is located on the south side of Kuala Lumpur. It is the 

capital state of Negeri Sembilan. Seremban is one of the cities affected by 

subsidence due to the surrounding area experiencing uplift and the use of 

groundwater, which is quite large. In 2014-2020, Seremban experienced an uplift 

of -5.0 cm, see Figure 3(E). In 2020, this region will experience subsidence of -

10.0 cm. Global vertical deformation anomaly factors groundwater use and 

infrastructure development can cause high subsidence. Natural equilibrium 

occurs in 2021 and 2022. In this period, the geodynamic movement is uplifting 

at +5.0 cm/year. There will be almost no subsidence in 2021-2022 in Seremban. 

Overall, in 2020-2022, there will be low subsidence and uplift. The vertical 

position in 2022 is close to the vertical position in 2020. The potential for land 

subsidence in Seremban is still threatening for the next few years if excessive 

groundwater use and infrastructure development occur. 

Kuala Lumpur is the capital city of Malaysia. This city is located in 

Peninsular Malaysia. Kuala Lumpur is vulnerable to land subsidence. Based on 

the results of observations in 2014-2020, Kuala Lumpur is dominated by 

subsidence with an average value of -5.0 cm, see Figure 3 (F). In 2020, 

subsidence will reach -10 cm caused by various factors such as global vertical 

deformation anomaly, infrastructure development, and high groundwater 

consumption. In 2021 and 2022, uplift will be more dominant compared to 

subsidence. The uplift value in 2021 is +5.5 cm, and in 2022 it is +5.0 cm. In 

2020-2022, the subsidence predominate in Kuala Lumpur at -0.5 to 1.0 cm each 

year. Groundwater consumption and infrastructure development will be the main 

factors of future land subsidence in Kuala Lumpur. Consumption of groundwater 
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will be high along with the increase in the number and density of residents in 

Kuala Lumpur. 

Putra Jaya is the capital of the Malaysian government. It is located on 

the south side of Kuala Lumpur. Before 2020, an uplift of +2.0 cm dominated 

Putra Jaya, see Figure 3(G). Then, 2020 subsidence will dominate due to the 

influence of a global vertical deformation anomaly of -10.0 cm. In 2021, Putra 

Jaya experienced a geodynamic equilibrium with a movement of +7.0 cm. The 

end of the equilibrium movement will occur in 2022. In 2022, there will be an 

uplift dominance of +3.0 cm. These conditions have caused Putra Jaya to return 

to its vertical position as it was before 2020. Putra Jaya is dominated by the uplift 

of +0.5 to +1.0 cm, and several areas will experience subsidence of -0.5 cm in 

2020-2022. Infrastructure development and groundwater consumption are the 

main factors causing land subsidence in Putra Jaya. The potential for land 

subsidence in Putra Jaya is still smaller than the potential for land subsidence in 

Kuala Lumpur. 

Shah Alam is located on the west side of Kuala Lumpur. Shah Alam is 

one of the cities in Malaysia that experienced subsidence in 2014-2020, see 

Figure 3(H). Shah Alam's subsidence value in that period was -3.5 cm. 

Infrastructure development and high groundwater consumption are one of the 

causes of land subsidence in this region. Shah Alam also has many settlements 

and potentially high population densities. The coastal area also has soft soil and 

is prone to subsidence. The influence of the global vertical deformation anomaly 

in 2020 will also have an impact on subsidence in Shah Alam, with a value of -

10.0 cm. In 2021 and 2022, an uplift of +5.5 cm and +5.0 cm will be dominated. 

The uplift conditions during these two years have impacted the geodynamic 

equilibrium in Shah Alam. The subsidence dominated in Shah Alam for the 2020-

2022 period (-1 cm). The potential for land subsidence could increase in the future 

due to the rapid development of infrastructure in this region and the increasing 

number and density of the population. Land subsidence in Shah Alam is still in 

the normal category today. 

Malacca is located in the southern part of Kuala Lumpur. Malacca 

experienced land subsidence of -5.0 cm in 2014-2020, see Figure 4(D). In 2020, 

a high subsidence of -10.0 cm was observed. The consumption and use of 

groundwater, relatively unstable soil types, and the effects of global vertical 

deformation influence this high subsidence value. In 2021, Malacca will be 

dominated by an uplift of +5.0 cm. Malacca will also be dominated by an uplift 

of +4.5 cm in 2022. Overall, Malacca is dominated by subsidence in 2020-2022. 

The subsidence value is -0.5 to -1 cm. The potential for land subsidence in the 

following years could also threaten Malacca. The value of land subsidence in 

Malacca is still classified as low to moderate because it is still around 0 to -5.0 

cm/year. 
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(2) East Coast of Peninsular Malaysia 

The east coast of Peninsular Malaysia includes Kota Bahru, Kuala Terengganu, 

and Kuantan. Kota Bahru is located near the Thailand border. Kota Bahru 

experiences relatively high dynamics of vertical deformation. In 2014-2020, the 

vertical deformation in this city is more towards subsidence, see Figure 4(A). The 

average subsidence value in 2014-2020 is -1 cm. This condition is still stable and 

indicates that subsidence in Kota Bahru is caused by slow tectonic movements 

and groundwater extraction with a relatively equal amount each year. 

Groundwater extraction in Kota Bahru may be high in terms of consumption in 

Malaysia, but it is less extreme than on the northern coast of Java and Africa. A 

global deformation anomaly occurred in 2020, resulting in higher subsidence in 

Kota Bahru. The subsidence value in 2020 is -8.5 cm. In 2021, there will be a 

high uplift of +5.0 cm. This uplift process is part of the tectonic movement to 

balance the post-anomaly region of global vertical deformation. In 2022, there 

will be another subsidence of -6.0 cm. This condition can be caused by tectonic 

movements to balance the geodynamics of the region. It can also be caused by 

the effect of groundwater withdrawal, which is starting to increase. Kota Bahru 

has experienced subsidence of -3.2 cm (2020-2022). 

Kuala Terengganu is the capital state of Terengganu. It is located at the 

mouth of the Terengganu River. Kuala Terengganu is one of the cities in Malaysia 

that has the potential to experience land subsidence. In 2014-2020, subsidence 

was observed with an average of -3.0 cm, see Figure 4(B). Then, in 2020, Kuala 

Terengganu was affected by a global vertical deformation anomaly and 

experienced an uplift of +4.5 cm. In 2021, the geodynamic process to balance the 

area will be carried out naturally, and this area will experience subsidence of -

12.0 cm. The factor of high groundwater withdrawal can also be the cause of the 

high subsidence rate in 2021. In 2022, Kuala Terengganu will experience an uplift 

of +4.0 cm. One of the causes of this area experiencing uplift is sedimentation 

around the river mouth and flooding that occurs in this area. Sedimentation and 

flooding are more dominant than high groundwater withdrawal, so the uplift 

effect is more dominant than subsidence in 2022. Kuala Terengganu experienced 

land subsidence of -4.2 cm in the 2020-2022. 

Kuantan is the capital of the state of Pahang. Kuantan is a city 

vulnerable to land subsidence, see Figure 4(C). In 2014-2020, the subsidence 

value in Kuantan was -4.0 cm. This condition is higher than in other areas around 

Pahang. Subsidence in Kuantan is slightly lower than in Johor Bahru, Kuala 

Terengganu, Kuala Lumpur, Seremban, and Malacca. This quaternary is not too 

affected by the global vertical deformation anomaly. Land subsidence in Kuantan 

is dominated by groundwater use and infrastructure development. In 2020, the 

subsidence value in Kuantan is -1.0 cm. In 2021, Kuantan will also be dominated 

by subsidence with a value of -0.5 cm. Another condition in 2022, Kuantan, is 
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more dominated by uplift with a value of +2.0 cm. One of the factors causing the 

uplift in 2022 is caused by the major flood that hit Kuantan. It causes 

sedimentation and the addition of minerals or soil erosion brought by the flood 

from upstream. Kuantan is located in the coastal and estuary parts of the river so 

that the range of sedimentation occurs. In 2022, there will be land subsidence in 

several areas in Kuantan, but uplift will dominate this area. 

 

 
Figure 4: Time-Series Vertical Deformation in Malacca, East Coast of Peninsular 

Malaysia, East Malaysia (2014-2022). A. Kota Bahru; B. Kuala Terengganu; C. 

Kuantan; D. Malacca; E. Johor Bahru; F. Kinabalu; G. Bandar Labuan (Victoria); H. 

Kuching 



Atriyon Julzarika 

Land Subsidence Dynamics in Malaysia Based on Time-Series Vertical Deformation Using Modified D-Insar 

Sentinel-1 
 

© 2023 by MIP 336 

Johor Bahru is the capital of the state of Johor. Johor Bahru is located 

on the southern side of Peninsular Malaysia and borders Singapore. Johor Bahru 

has a high population, making it the second-largest city in Malaysia. This high 

population number causes the demand for water to be high. Consumption of 

groundwater is one way to fulfil its needs. Johor Bahru is an area with high land 

subsidence potential. The city experienced a land subsidence of -4.0 cm in 2014-

2020, see Figure 4(E). In 2020, Johor Bahru will also experience subsidence of -

5.0 cm. The increase in the potential for land subsidence also impacts other 

disasters such as major floods, which stagnant water for a long time. This major 

flood comes from the upstream area and tidal floods at the highest tide. In 2021, 

a high potential for land subsidence was detected in this region. Some areas reach 

-21.0 cm. The significant subsidence value was caused by landslides, soil eroded 

by flood waters, excessive groundwater, drastic changes in topography, or drastic 

changes in aquifer networks. There were major floods in Johor in 2021. Many 

factors are causing land subsidence in 2021. In 2022, the Johor Bahru area will 

be dominated by uplifts. It was caused by a lot of sedimentation and major floods 

that exceeded 2021. Even though land subsidence will still occur in 2022, the 

uplift value has become more dominant this year. The uplift value in 2022 is +1.5 

cm. Johor Bahru is dominated by land subsidence of -24.5 cm in 2020-2022. 

 

(3) East Malaysia 

East Malaysia include Kinabalu, Bandar Labuan (Victoria), and Kuching. 

Kinabalu is the capital of the state of Sabah. It is located on Borneo Island and 

the northern coast of East Malaysia. Kinabalu is a coastal area prone to major and 

tidal floods. Kinabalu is located on soft soil and is prone to potential land 

subsidence. In 2014-2020, Kinabalu experienced a land subsidence of -3.0 cm, 

see Figure 4(F). Then 2020, there will also be a subsidence of -5.5 cm. Subsidence 

will also occur in 2021 and 2022, but uplift will dominate Kinabalu. Significant 

floods, high sedimentation, and high erosion upstream caused the dominant uplift 

condition. The major flood in 2021 led to an uplift dominance of +8.0 cm. 

Likewise, the major floods in 2022 led to an uplift dominance of +10.5 cm. 

Overall, Kinabalu experienced an uplift of +13.0 cm. The potential for significant 

floods and sedimentation in the coming years can cause a high uplift, causing the 

addition of new land on the coast of Kinabalu. Land subsidence will continue, 

especially in peat areas, swamps, and densely populated settlements. 

Bandar Labuan (Victoria) is the capital of the Labuan federal region. It 

is located adjacent to Kinabalu. Bandar Labuan (Victoria) experienced land 

subsidence in 2014-2020 with a value of -1.5 cm, see Figure 4(G). However, in 

2020-2022, uplift will be more dominant than land subsidence. The increase in 

uplift value can be caused by sedimentation coming from upstream and accretion 

from ocean currents that carry mineral sediments. In 2020, the uplift value at 
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Bandar Labuan (Victoria) was +2.0 cm. In 2021, there will be an additional uplift 

value of +6.0 cm. In 2023, the uplift value at Bandar Labuan (Victoria) is +3.5 

cm, while in 2020-2022, the uplift was +11.3 cm. 

Kuching is the capital of the state of Sarawak. It is located on the 

northern coast of East Malaysia and Borneo Island. Kuching is a lowland city 

located on the river banks. The soil in Kuching is also classified as soft, unstable, 

and dominated by peat and swamps. Kuching is an area that has the potential for 

land subsidence, see Figure 4(H). In 2014-2020, the subsidence value is -0.5 cm. 

Likewise, in 2020, there has been a subsidence of -2.0 cm. In 2021, uplift is more 

dominant in Kuching compared to land subsidence. The uplift value is +2.0 cm. 

One of the causes of the uplift in 2021 is that significant floods will bring lots of 

minerals and sedimentation. Land subsidence in Kuching is caused more by 

natural factors and anthropogenic activities. These natural factors are the 

dynamics of peat and swamp lands. The change in land cover is in the form of 

forests converted to oil palm plantations so that water absorption becomes less in 

the upstream part. Land subsidence in 2022 is more dominant in Kuching, with a 

value of -2.5 cm. It is caused by the dynamics of peat and swamp lands in 

Kuching, which are more dominant than sedimentation and soil erosion. Kuching 

is dominated by land subsidence in 2020-2022 with a value of -2.5 cm. 

 

Land Subsidence Dynamics in 16 Cities in Malaysia 

The vertical deformation results of the 16 cities have been tested using height 

different tests. We use 25 height points to create the polygon test in all study 

areas. All vertical deformation has no blunder error, no systematic error, and 

minimum random error (less than 1.96σ in a confidence level of 95 %). The result 

of the height difference test is ~ 0 m. It means that all vertical deformation results 

are in the same height reference plane and have high precise relative vertical 

accuracy. Based on the 2014-2022 vertical deformation analysis results, which 

cities are more vulnerable to land subsidence can be seen, see Table 1. The city 

most vulnerable to potential land subsidence is Johor Bahru. Then followed by 

Kuala Terengganu, Seremban, Kuala Lumpur, Shah Alam, Malacca, and 

Kuantan. The city that has the lowest risk of land subsidence is Kangar. Cities 

that have a high risk of uplift are Kinabalu and Bandar Labuan (Victoria).  

Kota Bahru, George Town and Butterworth, Alor Setar, Ipoh, Putra 

Jaya, and Kuching are cities with moderate levels of land subsidence and uplift 

vulnerability. The results of this study can be used for further study of urban 

planning that is safe from the threat of land subsidence, especially in Johor Bahru, 

Kuala Terengganu, Seremban, Kuala Lumpur, Shah Alam, Malacca, and 

Kuantan. Overall, Malaysia's value rate of land subsidence is -0.5 cm to -6.0 cm. 

The uplift value rate in Malaysia is in the range of +0.5 cm to +4.5 cm. According 

to research (Yong et al., 2018), the northern Kelantan subsides at a maximum rate 



Atriyon Julzarika 

Land Subsidence Dynamics in Malaysia Based on Time-Series Vertical Deformation Using Modified D-Insar 

Sentinel-1 
 

© 2023 by MIP 338 

of 4.22 ± 0.17 mm/year (1σ confidence level). It shows higher ground 

deformation rates than the other parts of Peninsular Malaysia (0.22 ppm/year). 

This condition is similar to the results from the D-InSAR that the Kota Bahru 

area has experienced subsidence of -3.2 cm in 2020-2022. Although the study 

location in Kelantan is slightly different, it still has similarities in regional 

tectonic movements.  
 

Table 1: The Vertical Deformation in 16 Cities of Malaysia during 2014-2022 

No City Name 

Mean of 

Vertical 

Deformation 

2022 (cm) 

Mean of 

Vertical 

Deformation 

2021 (cm) 

Mean of 

Vertical 

Deformation 

2020 (cm) 

Mean of 

Vertical 

Deformation 

2014-2020 (cm) 

1. Kota Bahru  -6.0 +5.0 -8.5 -1.0 

2. 
Kuala 

Terengganu 
+4.0 -12.0 +4.5 -3.0 

3. 
George Town 

and Butterworth 
-13.0 +5.5 +2.0 -2.0 

4. Alor Setar -7.0 +3.0 +3.5 -0.5 

5. Kangar  -9.0 -0.5 +10.0 -0.5 

6. Ipoh -1.0 +22.0 +21.0 -0.5 

7. Seremban +5.0 +5.0 -10.0 -5.0 

8. Malacca +4.5 +5.0 -10.0 -5.0 

9. Kuala Lumpur +5.0 +5.5 -10.0 -5.0 

10. Putra Jaya  +3.0 +7.0 -10.0 +2.0 

11. Shah Alam  +5.0 +5.5 -11.0 -3.5 

12. Kuantan +2.0 -0.5 -1.0 -4.0 

13. Johor Bahru +1.5 -21.0 -5.0 -4.0 

14. Kinabalu  +10.5 +8.0 -5.5 -3.0 

15. 
Bandar Labuan 

(Victoria) 
+3.5 +6.0 +2.0 -1.5 

16. Kuching  -2.5 +2.0 -2.0 -0.5 

Value (+) = uplift; value (-) = land subsidence 

 

Research by Gao et al., 2021 concluded that Pulau Pinang experienced 

an indication of land subsidence that would increase 2.0% and 5.9% of the 

inundated area based on the different scenarios by 2100 projections. In this study, 

George Town and Butterworth experienced land subsidence of -5.5 cm in 2020-

2022. Land subsidence in this city has increased compared to the 2014-2020 

period. One way to minimise land subsidence is by regulating groundwater use, 

building balanced infrastructure, minimising tunnels, mining and plantations, and 

monitoring groundwater aquifer networks. Regional and urban development 

needs to apply disaster mitigation-based planning such as land subsidence, 

sedimentation, land erosion, abrasion, and coastal accretion. The D-InSAR 

method on Sentinel-1 (free data) can be used widely (area), efficiently (mapping 

costs), and effectively (work time) to monitor large areas and time series. 
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CONCLUSION 
The land subsidence dynamics of 16 cities in Malaysia were monitored by 

collecting time-series vertical deformation data between 2014-2022. We use 

Sentinel-1 imagery data and a modified D-InSAR method for extracting the 

vertical deformation. The results of the vertical deformation analysis 2014-2022 

were used to identify the cities that were most vulnerable to land subsidence and 

uplift. The city that has the lowest risk of land subsidence is Kangar, while the 

city most vulnerable to potential land subsidence is Johor Bahru. The other cities 

vulnerable to land subsidence are Kuala Terengganu, Seremban, Kuala Lumpur, 

Shah Alam, Malacca, and Kuantan. Kota Bahru, George Town and Butterworth, 

Alor Setar, Ipoh, Putra Jaya, and Kuching are cities with moderate levels of land 

subsidence and uplift vulnerability. The cities that are vulnerable to uplift are 

Kinabalu and Bandar Labuan (Victoria). Malaysia's value rate of land subsidence 

is between -0.5 cm to -6.0 cm, while the uplift value rate in Malaysia is between 

+0.5 cm to +4.5 cm. 
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Abstract 

 

Superstition is an indispensable part of every ethnic culture in Malaysia. Each 

race has its own culture and its own superstitions. This is certainly true in the 

multicultural landscape of Malaysia. Since superstition is part of daily life, it can 

even have an impact on the housing property market. This article aims to examine 

the superstitious beliefs in Feng Shui of the young generation’s intention to buy 

a house. This study focuses on the young generation with the prime working-aged 

between 25 and 40 years old in the Klang Valley. This study uses quantitative 

methods. A total of 2,600 questionnaires were distributed, however, only 97% or 

2523 questionnaires are valid to proceed for data analysis.   In summary, there is 

a significant correlation between the influences of superstition beliefs on the 

willingness of a young one to buy a house. Superstition is affecting the decision-

making process of the Chinese community. 
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INTRODUCTION 

Superstitious beliefs, characterized by the erroneous establishment of causality, 

occasionally lead to irrational behaviour (Foster & Kokko, 2009). Malaysians 

continue to uphold superstitions passed down through generations, attributing 

their persistence to ancestral legacies (Alias et al., 2014). For instance, Malays 

caution against bringing umbrellas indoors, believing it brings bad luck. This 

practice stems from practical concerns like wet floors and accidental pokes, 

although the superstition remains prevalent. Similarly, traditional Chinese 

families refrain from house chores on the first day of the Lunar New Year, as 

sweeping is thought to remove good fortune. This tradition reflects the desire for 

a respite after a year of hard work, symbolizing avoidance of hardships (Hui et 

al., 2019). Indian families, on the other hand, believe stepping over books makes 

one stupid, even though logic suggests otherwise. Books represent knowledge, 

making it impolite to disrespect them. Moreover, superstitions significantly 

impact beliefs in supernatural phenomena, influencing supply and demand in 

specific industry markets. In Malaysia, ethnic groups, including Malays, Chinese, 

and Indians, exhibit diverse cultural opinions when purchasing houses (Tedong 

et al., 2018). Demographic factors, such as race, significantly shape real estate 

market dynamics (San, 2016). In housing property markets worldwide, 

superstitious beliefs, particularly Feng Shui, influence homebuyers' decision-

making processes, impacting property orientation, layout, and surroundings 

(Walters, 1988). Feng Shui is believed to enhance luck in various aspects of life, 

including career, wealth, relationships, health, and travel. Chinese superstitious 

beliefs strongly affect house prices, with properties deemed "good" in Feng Shui 

commanding higher market prices, leading to construction based on Feng Shui 

principles (Hui et al., 2019; Fortin et al., 2014). Despite the absence of scientific 

evidence linking superstition to positive or negative events in housing, these 

practices persist due to cultural traditions (Hui et al., 2019). 

 

LITERATURE REVIEW 

This paper extensively investigates the impact of Feng Shui, superstitions, and 

cultural beliefs on housing purchase decisions, drawing insights from studies by 

Liang et al. (2015), Chia et al. (2016), Sia et al. (2018), and Hui et al. (2019). It 

delves into how factors like unfavourable Feng Shui locations, proximity to 

cemeteries, house numbers, and superstitious beliefs influence the real estate 

market and consumer choices. The research underscores the significance of these 

elements in shaping consumer preferences, underscoring the necessity for 

developers to acknowledge cultural sensitivities when targeting specific 

demographics. This comprehensive review adds to the existing body of 

knowledge in housing studies and provides valuable insights for real estate 

professionals, researchers, and policymakers. The paper highlights the 

complexity of house purchase decisions, influenced by a multitude of factors, 
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including location, design, cultural beliefs, and superstitions. Feng Shui, deeply 

rooted in Chinese tradition, significantly influences the preferences and decisions 

of potential homebuyers. It scrutinizes the impact of Feng Shui, superstitions, and 

cultural beliefs on the housing market, with specific attention to unfavourable 

Feng Shui locations and their implications for future investments. Notably, 

favourable Feng Shui locations are found to attract potential buyers, with crucial 

considerations including land topography, interior design, and the number of 

doors. The presence of poor Feng Shui, particularly in homes near or facing 

cemeteries, can significantly affect future investment prospects, leading to lower 

resale prices. Certain house numbers in Chinese culture carry symbolic meanings, 

such as the negative connotation of the number four and the auspiciousness of the 

number three. 

The paper by Chia et al. (2016) establishes correlations between the 

number of superstitions and the willingness to buy a house, though the impact on 

actual house purchase intention is nonsignificant. The study also reveals that 

beliefs in supernatural phenomena, such as ghosts, do not significantly influence 

purchasing behaviour due to a lack of belief in such phenomena. Moreover, 

respondents in the study by Sia et al. (2018) express preferences for specific 

house features related to Feng Shui, including a strong wooden front door, well-

lit living rooms, and desirable views, while unfavourable architectural and 

interior elements are identified. Lastly, Hui et al. (2019) finds that superstitious 

beliefs, while not significantly impacting purchasing intentions overall, persist 

among the younger generation, shaping their actions and behaviours. Developers 

targeting the Chinese community must be mindful of these beliefs to avoid 

negative associations with their property projects. In summary, this paper 

provides a comprehensive review of how Feng Shui, superstitions, and cultural 

beliefs influence housing purchase decisions. Understanding these factors can 

help professionals in the real estate industry, researchers, and policymakers make 

informed decisions and strategies to cater to the diverse preferences of potential 

homebuyers. Further research in this domain can enhance our understanding of 

cultural dynamics and their implications for the housing market. 

 

Hypotheses 

Two null hypotheses have been developed in this research study, which are: - 

 

Ho1  : There is no significant correlation between superstitious beliefs 

influencing the young generation in housing purchase intention. 

Ho2 : There is no significant difference in superstitious beliefs of the 

young generation on by races in housing purchase intention. 
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RESEARCH METHODOLOGY 
This study targets individuals aged 25 to 40 in the Klang Valley, Malaysia, using 

quantitative methods. About 2,600 questionnaires were distributed, employing 

convenience and snowball sampling. Respondents completed self-administered 

questionnaires, resulting in 2,523 valid responses. Data analysis employed SPSS 

software, utilizing Cronbach’s Alpha Coefficient, Descriptive Analysis, and 

Inferential Statistics like T-Test and ANOVA. 

 

Variables Reliability Test and Descriptive Analysis 

Cronbach's Alpha was used to assess internal consistency. The values ranged 

from 0.690 to 0.873, indicating acceptable to good reliability (Neo et al., 2017; 

Flynn et al., 1994). 

 
Table 1.0: Variables Reliability Test and Descriptive Analysis 

 

RESULT AND DISCUSSION 
Respondents Demographic Background 

The respondent’s demographic background based on race is summarized and 

presented in Table 2.0, 44.3% (1117) Malay, 33.8% (852) Chinese, 16.8% (425) 

Indian, and 5.1% (129) belong to other races. 

 
Table 2.0: Demographic Background of the Respondents 

Variable Frequency Percentage 

Race Malay 

Chinese 

Indian 

Others 

1117 

852 

425 

129 

44.3 

33.8 

16.8 

5.1 

 TOTAL 2523 100.00 

 

Intention to Purchase Housing Property 

Purchase intention, as defined by Wu and Teng (2011) and Ajzen (1991), refers to a 

customer's plan to buy a product or service in the future, influenced by motivational 

factors and indicating the likelihood of performing that behaviour. In the context of 

this study, "willingness to buy a house" signifies consumers' readiness to purchase a 

Variable Item 

Indicator  

Cronbach’s 

Alpha Value 

Range Min Max Mean Std. 

Deviation 

SUPERSTITOUS 

BELIEF 

House History 

House Number  

House Location  

House View  

House Direction 

Neighbourhood  

Dwelling Features 

PURCHASE 

INTENTION  

SB 

 

HH 

HN 

HL 

HV 

HD 

N 

DF 

PI 

.933 

 

.757 

.805 

.808 

.793 

.856 

.814 

.690 

.873 

4.00 

 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

1.00 

 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5.00 

 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

3.8182 

 

4.0095 

3.4356 

3.5180 

3.9596 

3.5894 

4.0155 

4.2002 

4.0317 

1.03265 

 

1.18170 

1.39335 

1.33992 

1.23777 

1.34857 

1.03668 

.95662 

.84093 
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house in the near future, aligning with Ajzen's definition. Table 3.0 reveals a high 

mean score (4.1513) for the intention to own a housing property, contrasting with a 

low mean score (2.2104) for having no intention to own one. Analysing the data in 

Table 3.1, it becomes apparent that 43.9% of respondents have a high intention to 

own a house, 55.1% hold a moderate intention, and only 1.0% possess a low 

intention. Overall, the mean score (3.6202) suggests a moderate level of intention to 

purchase among the young generation in Klang Valley. Furthermore, both mean 

scores for housing purchase intention, whether for personal living or investment, are 

notably high (4.1075 and 4.2677, respectively). Table 3.1 indicates that 87.8% of 

respondents intend to buy a house for investment purposes, while 12.2% plan to 

purchase one for their personal living. These findings indicate a strong inclination 

among the young generation in Klang Valley to invest in housing properties. 

 
Table 3.0: Housing Purchase Intention Descriptive Analysis 

Variable Mean SD Min Max 

Intention to own housing property 4.1513 .89381 1.00 5.00 

 I have an intention to buy a house 

I have thought of buying a house 

I plan to buy a house  

4.2335 

4.2061 

4.0143 

.88773 

.92004 

1.09129 

  

No intention to own housing property 2.2104 .93094 1.00 5.00 

 I prefer to rent a house  

I do not have to buy a house 

I will live in my parents’ house 

2.1407 

2.0824 

2.4082 

1.12203 

1.11419 

1.23064 

  

Owning for living 4.1075 .83267 1.00 5.00 

 I want to buy/ bought a house to live in 

I want to buy/ bought a house because I need a place to live 

I want to buy/ bought a house because I don’t like to rent 

4.1352 

4.0721 

4.1153 

.92092 

1.01121 

.96887 

  

Investment 4.2677 .87517 1.00 5.00 

 I want to buy/ bought a house for investment 

I want to buy/ bought a house as an assets 

I want to buy/ bought a house for rent as a side income 

4.1514 

4.3853 

4.2663 

1.27069 

.79639 

.90925 

  

 
Table 3.1: The Level of Housing Purchase Intention 

Variable n % Mean SD Min  Max 

Level of Intention to Purchase  3.6202 .60746 1.88 4.50 

High (3.63-4.50) 1108 43.9     

Moderate (2.76-3.62) 1390 55.1     

Low (1.88-2.75) 25 1.0     

       

Level of Owning for Living  4.1075 .83267 1.00 5.00 

High (3.67-5.00) 1952 77.4     

Moderate (2.34-3.66) 476 18.9     

Low (1.00-2.33) 93 3.7     

       

Level Investment  4.2677 .87517 1.00 5.00 

High (3.67-5.00) 2098 83.2     

Moderate (2.34-3.66) 345 13.7     

Low (1.00-2.33) 80 3.2     

       

The Intention of Purchase  3.0776 .38683 1.00 4.50 

Investment (2.76-4.50) 2214 87.8     

Owning (1.00-2.75) 309 12.2     
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Correlation Coefficient Analysis 

Table 4.0 shows that there is a very weak positive significant correlation between 

Superstitious Belief (SB) with Purchase Intention (PI) 0.071 overall. The 

significant level for each aspect is between 0.055 and 0.125.  

 
Table 4.0: Pearson Correlation Coefficient 

 HH HN HL HV HD N DF SB HPI 

HH 1 .587** .595** .815** .621** .724** .770** .795** .055** 

HN  1 .836** .595** .868** .710** .505** .902** .061** 

HL   1 .592** .847** .689** .542** .885** .041** 

HV    1 .676** .741** .794** .808** .125** 

HD     1 .764* .596** .925** .076** 

N      1 .777** .870** .058** 

DF       1 .738** .083** 

SB         1 .071** 

PI         1 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

Linear Regression Analysis 

The R-value 0.100 in Table 5.0 indicates a very weak positive degree of 

correlation with the R2 value 1.0% variation in the dependent variable. Table 5.1 

Anovaa of Linear Regression analysis indicates that the regression model predicts 

the dependent variable is significant p < 0.000, which is less than 0.05. Therefore, 

Housing Purchase Intentions = 3.721 + 0.100 (Superstitious Belief). 

 
Table 5.0: Model Summary 

Model R R Square Adjusted R Square Std. Error of The 

Estimate 

1 .100a .010 .010 .83689 

a. Predictors: (Constant), Superstitious Belief 

 

Table 5.1: ANOVAa 

Model  Sum of 

Squares 

df Mean 

Square 

F Sig 

1 Regression 17.805 1 17.805 25.422 .000b 

 Residual 1765.658 2521 .700   

 Total 1783.463 2522    

a. Dependent Variable: Housing Purchase Intention 

b. Predictors: (constant), Superstitious Belief 

 

Table 5.2: Coefficients a 
  Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

Model  B Std. Error Beta 

1 (Constant) 3.721 .064  58..296 .000 

 Superstitious Belief .081 .016 .100 5.042 .000 

a. Dependent Variable: Housing Purchase Intention 
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Superstitious Belief  

 

1. House History  

Table 6.0 reveals that 70.6% of respondents strongly believe in the superstitions 

related to the history of a house when considering housing purchases. This belief 

is significant, as indicated by a one-way ANOVA in Table 6.1, which examines 

the effect of race on these superstitious beliefs. The results show that race does 

indeed have a significant impact on the belief in house history's role in housing 

purchase decisions (F=67.712, p=0.000). nPost hoc comparisons using the Tukey 

HSD test in Table 6.2 demonstrate that the mean belief scores vary significantly 

among different racial groups: Chinese (M=4.42), Indian (M=4.00), Malay 

(M=3.75), and others (M=3.44). Specifically, Chinese potential homebuyers 

show considerable concern regarding a house's history when making their 

housing purchase decisions. This concern stems from beliefs that vacant or 

creepy-looking properties might have witnessed unnatural deaths, leading to the 

lingering presence of spirits. Furthermore, some residential units constructed on 

the sites of old hospitals or religious locations are avoided due to fears of 

concentrated spirits. Chinese superstitions also dictate avoidance of homes 

associated with untimely or abnormal deaths, as they are believed to bring bad 

luck to careers, health, and businesses. 

 
Table 6.0: Superstitious Belief in House History Descriptive Analysis 

Variable n % Mean SD Min  Max 

House History   4.0095 1.18170 1.00 5.00 

High (3.67-5.00) 1781 70.6     

Moderate (2.34-3.66) 256 40.1     

Low (1.00-2.33) 486 19.3     

 
Table 6.1: One-way ANOVA table for Superstitious Belief in House History by Races 

Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 262.806 3 87.602 67.712 .000 

Within Groups 3258.965 2519 1.294   

Total 3521.772 2522    

 

Table 6.2: Tukey HSD for Superstitious Belief in House History 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Others 129 3.4496    .62452 .05499 

Malay 1117  3.7556   1.18170 .02353 

Indian 425   4.0047  1.03019 .04997 

Chinese 852    4.4296 .74378 .02548 

Sig./Total  1.000 1.000 1.000 1.000 1.18170 .02353 
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2. House Number  

Table 7.0 illustrates that 52.0% of respondents strongly believe in the superstitions 

related to house numbers, with a mean score of 3.4356. A one-way ANOVA was 

conducted to assess how different races perceive the superstitions associated with 

house numbers concerning their impact on housing purchase intentions. The results 

in Table 7.1 reveal that race significantly affects these superstitions, with a notable 

F-statistic (493.663) and a p-value of 0.000. Post hoc comparisons using the Tukey 

HSD test, as presented in Table 7.2, further demonstrate that the mean scores for 

different races—Chinese (M=4.39), Indian (M=3.92), others (M=3.32), and Malay 

(M=2.52)—are significantly different. In essence, these findings suggest that 

superstitions related to house numbers indeed influence housing purchase intentions, 

with Chinese potential homebuyers displaying a heightened concern for the number 

associated with a house. Chinese culture attaches various symbolic meanings to 

numbers, perceiving some as lucky and others as ominous. For instance, numbers 

like six and nine are regarded as fortunate, while eight is considered the most 

auspicious due to its phonetic similarity to the word for "fortune." Conversely, the 

number four is deemed unlucky because it sounds similar to the word for "death," 

leading many to avoid it.14 is pronounced as ‘Sap Sei’ which closely sounds like ‘Sat 

Sei’, translating to ‘Sure to Die’. 24 is pronounced ‘Yi Sap Sei’ and could very much 

sound like ‘Easy to Die’ (Yau 2015; Hui et al., 2019). Though, the Malay community 

in Malaysia tell a different story as the number 4, in Malay is ‘Empat’ which sounds 

like ‘Dapat’, meaning gain or receive. Some even tell tales of how the number 4 

looks like a person sitting cross-legged, looking as carefree as a human can be. 

 
Table 7.0: Superstitious Belief in House Number Descriptive Analysis 

Variable n % Mean SD Min  Max 

House Number   3.4356 1.39335 1.00 5.00 

High (3.67-5.00) 1312 52.0     

Moderate (2.34-3.66) 634 25.1     

Low (1.00-2.33) 577 22.9     

 
Table 7.1: One-way ANOVA table for Superstitious Belief in House Number by Races 

Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 1812.840 3 604.280 493.663 .000 

Within Groups 3083.444 2519 1.224   

Total 4896.284 2522    

 
Table 7.2: Tukey HSD for Superstitious Belief in House Number 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Malay 1117 2.5282    1.35875 .04065 

Others 129  3.3256   .65147 .05736 

Indian 425   3.9224  1.04660 .05077 

Chinese 852    4.3991 .76982 .02637 

Sig./Total  1.000 1.000 1.000 1.000 1.39335 .02774 
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3. House Location  

Table 8.0 indicates that 55.4% of the respondents strongly believe in superstitious 

beliefs related to the location of a house when considering housing purchases, with a 

mean score of 3.5180. To investigate how race influences these superstitious beliefs 

and their impact on housing purchase decisions, a one-way ANOVA was conducted, 

as presented in Table 8.1. The analysis demonstrates a significant effect of race on 

these beliefs (F=397.266, p=0.000). Post hoc comparisons using the Tukey HSD test 

in Table 8.2 reveal significant differences in mean belief scores among different 

racial groups: Chinese (M=4.35), Indian (M=3.94), others (M=3.40), and Malay 

(M=2.70). These findings suggest that superstitious beliefs about the location of a 

house indeed influence housing purchase decisions. Specifically, the results indicate 

that Chinese potential homebuyers place significant importance on the house's 

location in their housing purchase decisions. In Malaysia, various communities avoid 

houses built on sloped terrain with the access road sloping downward toward the 

frontage road, believing it can cause a loss of wealth and luck. Feng Shui principles 

also discourage homes located at the end of T-intersections or on long straight roads, 

as it disrupts the natural flow of “chi” and can lead to negative energy. Homes below 

street level are avoided due to their potential to create relationship tensions. The ideal 

location, according to Feng Shui, is one surrounded by hills, backed by mountains, 

and with open space in front, often near a lake or river with flowing water. These 

beliefs highlight the cultural and superstitious considerations in housing choices in 

Malaysia. 

 
Table 8.0: Superstitious Belief in House Location Descriptive Analysis 

Variable n % Mean SD Min  Max 

House Location   3.5180 1.33992 1.00 5.00 

High (3.67-5.00) 1398 55.4     

Moderate (2.34-3.66) 642 25.4     

Low (1.00-2.33) 483 19.1     

 

Table 8.1: One way ANOVA table for Superstitious Belief in House Location by Races 

Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 1454.136 3 484.712 397.226 .000 

Within Groups 3073.793 2519 1.220   

Total 4527.959 2522    

 
Table 8.2: Tukey HSD for Superstitious Belief of House Location 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Malay 1117 2.7073    1.36366 .04080 

Others 129  3.4031   .61896 .05450 

Indian 425   3.9459  1.02072 .04951 

Chinese 852    4.3850 .77241 .02646 

Sig.  1.000 1.000 1.000 1.000 1.33992 .02668 
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4. House View  

Table 9.0 shows 69.4% of the respondents highly belief in superstitious of the 

house view with a mean of 3.9596. A one-way ANOVA was conducted to 

compare the effect of race on the superstitious belief of house view in housing 

purchase intention. An analysis of variance in Table 9.1 shows that the effect of 

race on the superstitious belief of house view in housing purchase decision was 

significant, F (3, 2519 = 109.441, p = 0.000). Post hoc comparison using the 

Tukey HSD test as shown in Table 9.2 indicate that the mean score for Chinese 

(M=4.43, SD=0.74), Indian (M=3.97, SD=1.04), Malay (M=3.65, SD=1.51) and 

others (M=3.44, SD=0.62) was significantly different. However, the mean for 

Malay and others race are in the same group, this indicates that there are no 

significant different between these two races. Therefore, these results suggest that 

superstitious beliefs of house view do influence housing purchase decision. 

Specifically, result shows that based on race, Chinese potential homebuyers did 

concern and considered the view of the house in their housing purchase decision. 

Having cemeteries as a view can be an unpleasant sight.  Most local communities 

dislike staying near cemeteries, hospitals, and religious sites for fear of ‘Ying Qi’ 

or negative energy. The older Chinese folk also warn against staying in high-rise 

buildings that face curved elevated highways as the curve of the highway 

resembles a sickle. This is considered a very inauspicious omen towards the 

owner’s health and wealth. The Indian community on the other hand looks for 

properties with views of water bodies, though it has to be in the right direction. 

According to the traditional Hindu system of architecture called ‘Vastu Shastra’, 

water is a huge energy generator. It can bring in very strong positive and negative 

energies depending on which direction it is located in. 

 
Table 9.0: Superstitious Belief in House View Descriptive Analysis 

Variable n % Mean SD Min  Max 

House View   3.9596 1.23777 1.00 5.00 

High (3.67-5.00) 1752 69.4     

Moderate (2.34-3.66) 461 18.3     

Low (1.00-2.33) 310 12.3     

 
Table 9.1: One-way ANOVA table for Superstitious Belief in House View by Races 

Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 328.323 3 109.441 77.974 .000 

Within Groups 3535.554 2519 1.404   

Total 3863.876 2522    
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Table 9.2: Tukey HSD for Superstitious Belief in House View 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Others 129 3.4496    3.4496 0.62452 

Malay 1117 3.6535    3.6535 1.51247 

Indian 425  3.9718   3.9718 1.04347 

Chinese 852   4.4319  4.4319 0.74399 

Sig.  .122 1.000 1.000  3.9596 1.23777 

 

5. House Direction 

Table 10.0 reveals that 57.3% of respondents strongly believe in superstitious 

beliefs related to the direction of the house when considering housing purchases, 

with an average score of 3.5894. To assess the influence of race on these 

superstitious beliefs regarding house direction and their impact on housing 

purchase decisions, a one-way ANOVA was conducted, as presented in Table 

10.1. The analysis indicates a significant effect of race on these beliefs 

(F=406.694, p=0.000). Post hoc comparisons using the Tukey HSD test in Table 

10.2 demonstrate significant differences in mean belief scores among different 

racial groups: Chinese (M=4.40), Indian (M=3.93), Malay (M=3.41), and others 

(M=2.85). These results suggest that superstitious beliefs about the direction of 

the house indeed influence housing purchase decisions. Specifically, the findings 

show that Chinese potential homebuyers place significant importance on the 

orientation of the house in their housing purchase decisions. The Indian 

community tends to avoid main doors facing South-West due to their belief that 

it's a direction through which negative forces can enter. Conversely, the Chinese 

community avoids houses facing the direction of sunrise or sunset to maintain 

cooler indoor temperatures. Muslims consider the Qibla, the direction faced 

during prayer towards the Kaaba in Mecca, when choosing the orientation of their 

homes and rooms for religious purposes. 

 
Table 10.0: Superstitious Belief in House Direction Descriptive Analysis 

Variable n % Mean SD Min  Max 

House Direction   3.5894 1.34857 1.00 5.00 

High (3.67-5.00) 1443 57.3     

Moderate (2.34-3.66) 609 24.1     

Low (1.00-2.33) 471 18.7     

 
Table 10.1: One way ANOVA table for Superstitious Belief in House Direction by 

Races Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 1220.082 3 406.694 304.310 .000 

Within Groups 3366.513 2519 1.336   

Total 4586.595 2522    
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Table 10.2: Tukey HSD for Superstitious Belief in House Direction 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Malay 1117 2.8559    2.8559 1.46212 

Others 129  3.4186   3.4186 .58226 

Indian 425   3.9388  3.9388 1.03296 

Chinese 852    4.4026 4.4026 .75486 

Sig.  1.000 1.000 1.000 1.000 3.5894 1.34857 

 

6. Neighborhood 

Table 11.0 indicates that 67.7% of respondents strongly believe in superstitions 

related to the neighbourhood when considering housing purchases, with an 

average score of 4.0155. A one-way ANOVA, as presented in Table 11.1, was 

conducted to assess how race influences these superstitious beliefs regarding the 

neighbourhood and their impact on housing purchase decisions. The analysis 

shows a significant effect of race on these beliefs (F=80.230, p=0.000). Post hoc 

comparisons using the Tukey HSD test in Table 11.2 illustrate that mean belief 

scores significantly differ among different racial groups: Chinese (M=4.41), 

Indian (M=3.97), Malay (M=3.79), and others (M=3.42). However, the means for 

the Malay and Indian races are in the same group, indicating no significant 

difference between these two races. These findings suggest that superstitious 

beliefs about the neighbourhood indeed influence housing purchase decisions. 

Specifically, Chinese potential homebuyers place significant importance on the 

neighbourhood of the housing area when making their housing purchase 

decisions. 

 
Table 11.0: Superstitious Belief of Neighbourhood Descriptive Analysis 

Variable n % Mean SD Min  Max 

Neighbourhood   4.0155 1.03668 1.00 5.00 

High (3.67-5.00) 1709 67.7     

Moderate (2.34-3.66) 658 26.1     

Low (1.00-2.33) 156 6.2     

 
Table 11.1: One-way ANOVA table for Superstitious Belief in Neighbourhood by 

Races Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 240.691 3 80.230 81.832 .000 

Within Groups 2469.706 2519 .980   

Total 2710.397 2522    

 

Table 11.2: Tukey HSD Superstitious Belief in Neighbourhood 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Others 129 3.4264    3.4264 .58330 

Malay 1117  3.7905   3.7905 1.16127 

Indian 425  3.9765   3.9765 1.02534 

Chinese 852   4.4190  4.4190 .74743 

Sig.  1.000 .076 1.000  4.0155 1.03668 
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7. Dwelling Features 

Table 12.0 reveals that 77.3% of respondents strongly believe in superstitions 

related to dwelling features when considering housing purchases, with an average 

score of 3.4356. A one-way ANOVA, as presented in Table 12.1, was conducted 

to assess how race influences these superstitious beliefs regarding dwelling 

features and their impact on housing purchase decisions. The analysis shows a 

significant effect of race on these beliefs (F=44.640, p=0.000). Post hoc 

comparisons using the Tukey HSD test in Table 12.2 illustrate that mean belief 

scores significantly differ among different racial groups: Chinese (M=4.43), 

Malay (M=4.17), Indian (M=4.04), and others (M=3.42). However, the means for 

the Malay and Indian races are in the same group, indicating no significant 

difference between these two races. These findings suggest that superstitious 

beliefs about dwelling features indeed influence housing purchase decisions. 

Specifically, Chinese potential homebuyers place significant importance on the 

features of the house when making their housing purchase decisions. For 

instance, superstitions dictate that the main door should be free of obstructions, 

as they can block positive energy. A larger main door is often associated with 

greater wealth and luck. The alignment of front and back doors, as well as the 

placement of a staircase at the front door, are also believed to impact finances. 

Bedroom layout matters, with the foot of the bed facing the bedroom door 

symbolizing death. The positioning and design of the entrance are considered, 

with curved paths preferred over straight ones. Lamp posts and trees near the 

entrance are believed to influence fortune and energy balance. 

 
Table 12.0: Superstitious Belief in Dwelling Features Descriptive Analysis 

Variable n % Mean SD Min  Max 

Dwelling Features   4.2002 0.95662 1.00 5.00 

High (3.67-5.00) 1946 77.3     

Moderate (2.34-3.66) 454 18.0     

Low (1.00-2.33) 123 4.9     

 
Table 12.1: One way ANOVA table for Superstitious Belief in Dwelling Features by 

Races Influence Housing Purchase Intention of Young Generation Homebuyers 
 Sum of Squares df Mean Square F Sig. 

Between Groups 113.919 3 44.640 51.724 .000 

Within Groups 2174.001 2519 .863   

Total 2307.920 2522    

 

Table 12.2: Tukey HSD Superstitious Belief in Dwelling Features 

Race N 
Subset for alpha = 0.05 

SD Std. Error 
1 2 3 4 

Others 129 3.4264    3.4264 .58330 

Indian 425  4.0471   4.0471 .04741 

Malay 1117  4.1710   4.1710 1.06439 

Chinese 852   4.4319  4.4319 .97741 

Sig.  1.000 .319 1.000  4.2002 .95662 
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CONCLUSION 
Superstitious beliefs significantly impact the housing purchase intentions of 

young generations, especially within the Chinese community. The rejection of 

the null hypotheses (Ho1 and Ho2) confirms the strong correlation between 

superstitions and housing choices among the young generation, highlighting their 

influence on decision-making processes. Feng Shui, a traditional Chinese 

philosophy, plays a crucial role in shaping these beliefs, guiding positive energy, 

and warding off negative influences in housing. Despite the lack of scientific 

evidence, these beliefs persist, impacting the Malaysian real estate market. 

Recognizing the prevalence of superstitions, local developers and agents must 

adapt their marketing strategies to appeal to a diverse range of potential buyers. 

This understanding can drive residential property purchases and boost the real 

estate market. This research sheds light on the impact of superstitious beliefs on 

the Malaysian housing market, particularly among the young generation. The 

findings emphasize the need for a deeper understanding of cultural beliefs like 

Feng Shui in shaping buyer behavior. By acknowledging these beliefs, both 

buyers and developers can make informed decisions and tailor strategies to align 

with their target market's preferences. In conclusion, superstitions significantly 

influence housing purchase decisions, especially among the young generation and 

the Chinese community in Malaysia. Recognizing this impact is crucial for the 

real estate industry to thrive in this cultural context. 
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Abstract 

 

This research paper examines the state of community awareness and participation 

in the Low Carbon City (LCC) initiative by the Majlis Bandaraya Shah Alam 

(MBSA). The study aimed to explore the level of understanding, awareness, and 

involvement of the community in the low carbon city initiative, and to identify 

the factors that influence community participation. The study employed a 

qualitative approach where focus group discussions involving key stakeholders 

were conducted, and subsequently, thematically analysed. The findings suggest 

that the level of community awareness and participation in the low carbon city 

initiatives in Shah Alam is relatively low. Factors such as participation and 

information-sharing methods, and a lack of collaboration between stakeholders 

were identified as barriers to community participation. The study recommends 

that MBSA prioritises community engagement and education, including best 

practices, to increase community awareness and participation. In addition, the 

methods for participation and information sharing should be tailored to the target 

group. The findings also suggested continuous discussion and engagement 

among the stakeholders, especially between the communities and the local 

authority, can promote active participation in the LCC initiatives among the 

communities in Shah Alam. 

 

 

Keywords: Community participation, low carbon city, carbon reduction, climate 

change, Majlis Bandaraya Shah Alam 
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INTRODUCTION  
In response to the growing threat of climate change, and the need for sustainable 

development, many cities worldwide have developed Low Carbon City (LCC) 

initiatives. These efforts attempt to minimise carbon emissions, enhance energy 

efficiency, and stimulate the use of renewable energy sources. In recent years, the 

city of Shah Alam, through its city council called the Majlis Bandaraya Shah 

Alam (MBSA), has adopted its own LCC initiatives with the purpose of 

establishing a sustainable and low carbon urban environment through various 

strategies, including energy-efficient buildings, green transportation, and green 

communities. 

In spite of its potential benefits, it is yet to be determined how 

participative the community has been in the LCC initiative. As with such 

sustainable development initiatives, community engagement and participation 

are critical factors in their success. With active community participation, the LCC 

initiative will be able to achieve its goals. Therefore, the aims of this study were 

(1) to explore the level of understanding, awareness, and involvement of the 

community in the low carbon city initiative, and (2) to identify the factors that 

influence community participation.  

This paper reviews the relevant literature on carbon reduction, low 

carbon cities, and community participation. Thereafter, it describes the 

methodology used to collect and analyse the data, whereby the Focus Group 

Discussion was the primary method for collecting data involving various key 

stakeholders. The results of the study are then presented and discussed, followed 

by the conclusion. Overall, this study sought to contribute to the understanding 

of community engagement and participation in implementing low carbon city 

initiatives, hence providing insights and recommendations for improving the 

effectiveness of the LCC initiative by MBSA. 

 

CARBON REDUCTION, LOW CARBON CITY AND 

COMMUNITY PARTICIPATION 

Low Carbon City (LCC) initiatives have increasingly gained attention in recent 

years as a response to climate change and urbanisation challenges. The United 

Nations (UN) has recognised the importance of reducing greenhouse gas (GHG) 

emissions, and improving energy efficiency in cities, and has called for cities to 

take action on climate change (United Nations, 2022). 

In addition, LCC initiatives also provide benefits, such as improved air 

quality, reduced traffic congestion, and increased green spaces, which then 

improve the quality of life for communities, and enhance the economic 

competitiveness of cities (Wu et al., 2022; Su et al., 2013). These also contribute 

to achieving carbon reduction, which is the ultimate goal of LCCs in the first 

place, for which community participation is crucial. Community engagement and 
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participation in these LCC initiatives, which encompass a range of activities and 

levels of engagement, from information sharing to decision making, can enhance 

their effectiveness and sustainability, and promote social inclusivity. 

Nevertheless, Arnstein (1969) depicted community participation as a ladder that 

benefits only certain stakeholders and community segments with more 

considerable influence. 

Conceptually, community participation helps the decision makers to 

make better decisions by incorporating the community’s experiential knowledge 

into the process (OECD, 2017). Furthermore, it promotes the democratisation of 

the decision making by considering the interests of various stakeholders, thus 

resolving conflicts. 

Several studies have shown the positive effects of community 

participation in achieving carbon reduction, and LCC goals. For example, studies 

in Bangkok demonstrated the prominent role of community participation in 

successful low carbon city initiatives and programmes (Leknoi et al., 2022; 

Leknoi, 2019). Another study in China suggested that communities are essential 

in reducing carbon emissions (Liu et al., 2021). A sense of ownership among the 

communities should be encouraged whilst supervision by the authorities is also 

important to guide the community towards sustainability. 

However, the effectiveness of community participation in achieving 

carbon reduction and LCC goals depends on various factors, such as the level of 

community engagement, the quality of communication and collaboration, the 

institutional and political contexts, and the availability of resources and support. 

Besides that, psychological factors have been discussed as contributors 

influencing an individual’s willingness to participate in low carbon initiatives. 

Apparently, more environmentally conscious people are more likely to participate 

(Wu et al., 2022). This can be associated with the habitual preferences and 

behaviours displayed by individuals with better awareness and attitudes towards 

a sustainable environment. Even with this, several researchers argued that there 

is a gap between awareness, and the willingness to take action. While most people 

are aware of climate change and low carbon consumption, they are unwilling to 

modify their behaviour and lifestyle (Ding et al., 2018; Howarth, 2017; Mei et 

al., 2017). 

In addition, social factors like communication and the relationship with 

relevant agencies and among community members potentially hinder 

participation levels within the community. Their perception of carbon reduction 

and sustainability, and trust in government agencies play an essential role in 

influencing the communities’ willingness to participate. In other words, those 

with a strong sense of community, and a good relationship with these agencies 

are more likely to engage in collective action for the benefit of the community 

(Wu et al., 2022; Samaddar et al., 2019).  
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Institutional openness and responsiveness to community input and 

feedback can affect the perceived legitimacy and effectiveness of low carbon 

initiatives, and thus influence community participation (Guo & Wang, 2023). 

Community participation may be influenced by the degree to which institutions 

seek to engage the community in the planning, implementation, and evaluation 

of the implementation of LCCs. 

Meanwhile, situational factors, including government policies and 

social media, can contribute to an individual’s behaviour and perception towards 

low carbon programmes and initiatives. The existence of policies that give 

incentives to the communities and other stakeholders will affect the communities’ 

awareness, and willingness to participate. Moreover, the role of social media and 

technology potentially enhances the promotion of the LCC initiative, thus leading 

to social change in the community (Vavaenesh et al., 2022; Cheng et al., 2021).  

Therefore, understanding the complex and dynamic factors that 

influence community participation in low carbon initiatives, henceforth the LCC 

goal, is essential for developing effective strategies. Policymakers are able to 

design LCC initiatives and programmes that are more inclusive, and tailored to 

the target group by considering the individual, social, institutional, and contextual 

factors that influence community participation. 

 

SHAH ALAM LOW CARBON CITY JOURNEY 
Background of Low Carbon City Initiatives in Malaysia 

In response to the climate change, the Malaysian government’s commitment to 

sustainable development, and a 40% reduction in carbon emissions by 2020 is the 

root of the country’s low carbon city (LCC) projects. The National Green 

Technology Policy (NGTP), launched by the government in 2009, aims to 

advance green technology, and sustainable development. With the 

encouragement of the NGTP, LCCs were highlighted as one of the major sectors 

for green technology development (Ministry of Energy, Green Technology and 

Water, 2017). 

In order to address this, the Malaysian government, through the 

Ministry of Energy, Green Technology, and Water (KeTTHA), developed and 

launched the Low Carbon Cities Framework (LCCF) in 2012, a guideline for 

cities to develop low carbon strategies and initiatives. The LCCF promotes 

energy efficiency, sustainable mobility, waste management, and the use of 

renewable energy sources as a comprehensive strategy for cities to decrease their 

carbon footprint (Ministry of Energy, Green Technology, and Water, 2017). 

The LCCF connects government policy to the numerous green-city 

rating methods on the market. Given the government’s commitment to decreasing 

carbon emissions, this framework assists stakeholders in cities and townships in 

identifying their objectives, and developing action plans to reduce carbon 
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emissions. The framework has been specially designed to concentrate on tactics 

and actions that may be implemented to lower carbon emissions. 

 
Figure 1: LCCF in Relation to National Policies and Rating Tools  

(Source: Ministry of Energy, Green Technology and Water, 2017) 

 

Since the launch of the LCC initiative, several cities have embarked on 

LCC development projects and initiatives. For example, Shah Alam has 

developed the Shah Alam Low Carbon City Action Plan (SALCCAP) 2017-2030, 

which aims to achieve an absolute greenhouse gas (GHG) emission reduction of 

45% by 2030 (Majlis Bandaraya Shah Alam, 2021). This initiative was further 

built upon with the Shah Alam Low Carbon City Action Plan 2035 in 2021. 

Overall, the low carbon city initiatives in Malaysia aim to promote 

sustainable urban development, and reduce carbon emissions to mitigate the 

impact of climate change while ensuring economic growth and development. 

 

The Low Carbon City Initiatives by MBSA 

Majlis Bandaraya Shah Alam (MBSA) is one of the local authorities in Malaysia 

that has taken proactive steps towards becoming a low carbon city. The initiative 

is part of the government’s commitment to reducing carbon emissions under the 

Low Carbon Cities Framework (LCCF) launched in 2012. The LCCF aims to 

help cities in Malaysia transition towards a low carbon economy, and build 

resilience against the impacts of climate change. 

MBSA’s low carbon city initiatives started with the development of the 

Shah Alam Low Carbon City Action Plan (SALCCAP) 2017-2030 in 2017, 

which outlined a roadmap for sustainable development, and carbon reduction in 
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the city. The SALCCAP, which is based on five (5) thrusts, namely Green Solid 

Waste Management, Efficient and Effective Use of Energy and Water Resources, 

Efficient Public Transportation and Mobility Services, Integrating Nature in the 

Built Environment, and Green Technology Oriented City Administration and 

Management, provided a blueprint for MBSA’s low carbon city initiatives, and 

helped to guide the implementation of various programmes and policies (Majlis 

Bandaraya Shah Alam & Universiti Teknologi MARA, 2021). 

In 2015, MBSA entered a collaboration with the Ministry of Energy, 

Green Technology & Water (KeTTHA), Malaysia Green Technology 

Corporation (GreenTech), and the Malaysian Institute of Planners (MIP) to 

implement the Low Carbon City Framework (LCCF) in Shah Alam. The first 

LCCF project implemented was at the city centre of Shah Alam (Seksyen 14), a 

pilot project covering an area of 395 acres. Following this implementation, 

MBSA was awarded the “Diamond Recognition” at the International Green 

Exposition Malaysia (IGEM) 2018 for being the pioneer of the “City Based 

Approach” in Malaysia (Majlis Bandaraya Shah Alam & Universiti Teknologi 

MARA, 2021). The latest recognition received by MBSA following their 

commitment towards making Shah Alam more sustainable and less carbon was 

during the Low Carbon City 2030 Challenge (LCC2030C), where MBSA was 

granted 25 awards (MGTC, n.d). 

Some of the low carbon city initiatives implemented by MBSA to 

reduce its carbon footprint and promote sustainable development include (Majlis 

Bandaraya Shah Alam, 2017): 

 

a. Sustainable transportation: MBSA has promoted eco-friendly transportation 

options by setting up a bicycle-sharing system, installing bicycle lanes, and 

offering free shuttle bus services. This encourages people to reduce their use 

of private vehicles, and thus opt for sustainable transportation. 

b. Waste reduction and recycling: MBSA has implemented several waste 

reduction and recycling programmes, such as “Zero Waste”, and community 

recycling programmes, to encourage residents to separate and recycle their 

waste. These programmes also aim to reduce food waste, and organic 

compost waste. 

c. Renewable energy: MBSA has installed solar panels on its buildings, 

including the MBSA headquarters, community halls, and public libraries, to 

generate renewable energy, and reduce their dependence on grid electricity. 

d. Greenery in the city: MBSA has launched several tree planting programmes, 

such as the “Shah Alam Trees for Life” programme, to increase green areas 

and infrastructures in the city, and reduce carbon emissions. 

e. Community participation: MBSA has initiated programmes such as 

Pertandingan Laman Komuniti Shah Alam, urban farming, and green 
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initiatives at the pre-school level, to educate and engage the community on 

environmental issues, and encourage them to take action. 

 
Table 1: Programs and activities organised by MBSA 

Sectoral Programs and Activities 

Urban 

Environment 

i. Trees for life 

ii. Tree Planting Program 

iii. Landscape competition 

iv. Shah Alam Orchid Show 

v. Community Green Initiative like urban farming, Pertandingan 

Laman Komuniti Shah Alam and Laman Mini Zon Bersih 

vi. Green Earth program that focuses on collaboration with all 

primary school in Shah Alam and residents’ associations 

Urban 

Transportation 

i. ‘Smart Selangor Bus’ is a free bus service 

ii. Promoting micro-mobility through bike-sharing and e-scooter 

sharing 

iii. Providing supporting infrastructure like bike lane alignment, 

particularly at the first and last mile of public transport 

iv. Car-free Day 

Urban 

Infrastructure 

i. Zero Waste Program 

ii. Community and School Recycling Program 

iii. Neighbourhood Recycling Centre 

iv. Composting of waste from market and landscape 

v. Waste separation from source 

Green 

Community 

i. Urban farming 

ii. Pertandingan Laman Komuniti Shah Alam  

iii. Mini Zon Bersih 

iv. Green Earth program with all primary schools in Shah Alam 

and residents associations 

v. Green initiative for pre-schools 
Source: Majlis Bandaraya Shah Alam (2017) 

 

Overall, MBSA’s low carbon city initiatives demonstrate its 

commitment to promoting sustainable development, and reducing carbon 

emissions in its jurisdiction. By implementing these initiatives, MBSA aims to 

create a more liveable, sustainable, and resilient city for its residents. 

 

RESEARCH METHODOLOGY 
This study employed a qualitative approach to assess community engagement and 

participation in the Low Carbon City (LCC) Initiative implemented by Majlis 

Bandaraya Shah Alam (MBSA). It involved the collection of primary data, with 

emphasis on the focus group discussion (FGD) approach to gather qualitative data 

on the low carbon city initiatives that MBSA implemented. The FGD involved 

nine participants who were selected using purposive sampling based on their 
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experiential knowledge and involvement in implementing the MBSA’s low 

carbon city initiatives. These participants included representatives from selected 

communities, kindergartens, local councillors, and non-government 

organisations (Table 2). 

 

The FGD was conducted mainly in Bahasa Malaysia as it is the 

researchers’ and respondents’ mother tongue with only several English 

terminologies used. In addition, the sessions were conducted over an online 

meeting platform due to the COVID-19 pandemic, which disallowed such 

discussions to be carried out physically. The researchers moderated the 

discussion, and posed open-ended questions to the participants regarding 

MBSA’s low carbon city initiatives. The questions were designed to explore the 

participants’ perceptions of the initiatives, the challenges and opportunities 

associated with their implementation, and the effectiveness of MBSA’s strategies 

in reducing carbon emissions. 

The FGD was recorded via the online meeting platform, and transcribed 

using an edited transcription approach, which is described in a later section. The 

data was then analysed using a thematic analysis approach, which involved 

identifying patterns and themes in the data, and interpreting their meanings. The 

study employed Braun and Clarke’s (2006) framework for the analysis process. 

They had structured thematic analyses into six (6) main steps, to which this study 

adhered closely to. 

Step 1 – Transcribe and familiarise the data: Audio data recorded from 

the interviews were listened to repeatedly, and transcribed using the edited 

transcription approach. This meant that the phrases that appeared irrelevant and 

excessive were omitted while maintaining the text’s essence (Salonga, 2018). The 

Table 2: List and Background of Participants 

Bengkel Focus Group Discussion Pelan Tindakan Bandar Rendah Karbon 

Thrust: Communication, Education, and Public Awareness 

Date: 15th June 2021 

Total Participants: 9  

ID Agency Position 

PA1 Komuniti Surau Al-Husna, Seksyen 20 Shah Alam Chairman 

PA2 Taska Sarjana Pintar Teacher 

PA3 Taska Sarjana Pintar Teacher 

PA4 Taska Sarjana Pintar Teacher 

PA5 Persatuan Lestari Alam Malaysia President 

PA6 Persatuan Lestari Alam Malaysia Committee Member 

PA7 Majlis Perwakilan Penduduk Zon 8 Local Councillor 

PA8 Majlis Perwakilan Penduduk Zon 22 Local Councillor 

PA9 Treat Every Environment Special (TrEES) Committee Member 
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readability of the document was important to make it appealing. Step 2 – Generate 

initial codes: At this stage, only data relevant to the research questions were 

coded, which were in the form of statements. Similarities between the interview 

responses were highlighted and organised. Transcripts were reviewed several 

times with new or modified codes updated. Step 3 – Search for themes: All 

relevant coded data were organised into different themes. A table was used to 

classify and display the relationships between the themes and codes, which 

helped in reviewing the level of themes, leading to the emergence of sub-themes. 

Also, it was possible for the codes to be linked to more than one theme. 

Step 4 – Review themes: All themes, sub-themes, and codes were 

revised and modified to establish coherent connections between them. At this 

point, the fundamental question was: Does each connection seem relevant? The 

researchers used the ‘cut and paste’ function in Microsoft Office to reorganise the 

data in the transcript. Step 5 – Define themes: The main questions asked at this 

stage were: What are the relations built between the themes and sub-themes? How 

do these relations attain the research questions? Step 6 – Reporting: The findings 

were finally reported. 

 

RESULTS AND DISCUSSION 
The result of the analysis would highlight the importance of community 

understanding and education in achieving sustainable practices, including the 

concept of a low carbon city. As such, assessing the level of understanding and 

awareness of the community in Shah Alam regarding the low carbon concept and 

initiative was crucial. 

As shown in Table 3, the results indicate that the communities in Shah 

Alam might have a limited understanding of low carbon, which can hinder their 

ability to contribute actively [PA1, PA5, PA7, PA8, PA9]. 
 

Bagi saya masyarakat masih kurang faham apa konsep rendah 

karbon, dan mungkin apa yang mereka lakukan sehari-harian secara 

peribadi ataupun perseorangan, mereka telah mencapai certain objektif, 

tetapi mereka tidak sedar bahawa itu memberi sumbangan kepada target 

rendah karbon (Participant PA9). 

 

Therefore, there is a need to educate and raise the awareness of the 

community of Shah Alam regarding the low carbon concept, and its benefits. 

Furthermore, the participants emphasised the importance of community 

involvement in low carbon city projects and initiatives. This was mentioned by 

most participants (67%), who highlighted the importance of encouraging 

community participation and engagement in these projects and initiatives to 

ensure their success [PA1, PA5, PA6, PA7, PA8, PA9]. 
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…apa yang kita lihat sekarang ini ialah bagaimana MBSA educate 

dan adakan banyak bengkel untuk setiap lapisan komuniti supaya mereka 

tahu apa hala tuju. 

…Bagi saya, low carbon ini, semua masyarakat kena ambil 

tanggungjawab because when we talk about low carbon, berjalan,  semua 

orang berjalan. That’s is some of the component of low carbon 

 (Participant PA5). 

 

Meanwhile, three participants [PA1, PA5, PA9] highlighted the 

importance of learning from the best practices of those who have successfully 

implemented this initiative. It was suggested that the community may benefit 

from others’ experience in conducting and handling low carbon city programmes 

and initiatives, where they might gather a better understanding, and observe the 

potential benefits the community could gain. However, only two participants 

[PA5, PA6] suggested the need to educate the community at an early age as part 

of the effort to accomplish behavioural change among the communities (Table 

3).  

In relation to the factors that influence the Shah Alam communities’ 

involvement in the low carbon city initiatives, the results of the thematic analysis 

indicate that both the method of participation, and the method of information 

sharing are essential when it comes to encouraging their participation (Table 4). 

Nearly 67% of the participants stated the importance of tailoring the method of 

participation to the specific target as different segments and target groups might 

require a different approach that is closely associated with their socio-economic 

background [PA1, PA5, PA6, PA7, PA8, PA9]. Likewise, six out of nine 

participants highlighted the importance of effective communication strategies to 

ensure that important messages and information are easily accessed, and 

effectively reach the target group (Table 4).  

 

Selalunya masalah yang kita hadapi dalam mencapai objektif ini 

adalah disebabkan oleh maklumat itu tidak sampai kepada kumpulan 

sasaran.…Jika kumpulan sasaran kita itu kebanyakkannya adalah 

dikalangan golongan muda atau remaja, pendekatannya mungkin 

berbeza (Participant PA6). 

 

Both those factors are followed by the need for continuous 

collaboration between stakeholders, especially between the local authorities and 

communities. More than 50% of the participants agreed that a collaborative 

approach in the low carbon city initiative would enhance the community’s 

capacity to participate by engaging their interest in the entire process, particularly 

in the decision making [PA1, PA5, PA7, PA8, PA9]. 
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 Kami ajak tadika dan taska yang berada di sekitar komuniti kami 

untuk bersama dengan jawatankuasa surau dalam membuat kebun 

komuniti, aktiviti kitar semula, buat baja kompos, buat tenaga solar, bela 

ikan, pokok-pokok nadir. Bila tengok itu, kita letak nama pada pokok-

pokok itu. Jadi, anak-anak tadika faham tentang konsep sampah, konsep 

kitar semula dan akhirnya dia boleh amalkan di rumah (Participant PA1). 

 

Apart from these factors, a few participants also pointed out other 

aspects that prospectively affect the capability of the Shah Alam communities to 

participate. Some participants [PA1, PA5, PA9] believed that the local authorities 

should provide financial grants, or other resources to encourage the community 

to engage in the low carbon city initiatives. In other words, local authorities 

should actively ensure sufficient resources and infrastructures are provided to 

support the low carbon initiative, and promote community participation in these 

programmes (Table 4).  

Moreover, PA1, PA5, and PA9 highlighted the need to adopt 

technology in monitoring and managing the process of implementing the low 

carbon city programmes, including community participation. They believed that 

it is crucial to have a proper database that can be used to monitor and assess the 

progress made by the communities and local authorities in executing these 

initiatives.  

Meanwhile, incentives, rewards, and any forms of acknowledgement 

are fundamental in encouraging the communities to participate in the programmes 

and initiatives, which ultimately contribute to behavioural change in the 

communities [PA6, PA7, PA8]. 
Overall, this study aimed to explore the community’s understanding, 

awareness, and involvement in the low carbon city initiative, and identify the 

factors influencing community participation. The results indicated that the 

community in Shah Alam may possess a limited understanding of the low carbon 

concept, which can hinder their ability to actively participate in the LCC 

initiatives by either the communities themselves, or the local authorities (Table 

3).  

Following the FGD, most participants [PA1, PA5, PA6, PA7, PA8, 

PA9] underlined the importance of community participation in low carbon city 

projects and initiatives to ensure their success. Meanwhile, several participants 

also highlighted the importance of learning from the best practices, which can be 

done by looking at the experiences and current practices of other communities or 

countries (Table 3). 

Nevertheless, the analysis results have identified two prominent factors 

influencing community participation in low carbon initiatives: participation and 

information-sharing methods. The main argument by the participants during the 
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FGD was that appropriate methods for participation and communication that are 

suited and tailored to specific target groups should be identified instead of 

utilising generalised methods (Table 4). Table 4 also highlighted the importance 

of continuous collaboration between stakeholders, especially local authorities and 

communities, in enhancing the community’s capacity to participate in such 

initiatives.  

In addition, a few other factors that facilitate community participation 

in low carbon programmes and initiatives were highlighted throughout the 

discussion, namely, the need for financial grants, or other resources [PA1, PA5, 

PA9]; technology adoption in monitoring and managing the entire 

implementation process [PA1, PA5, PA9]; and the importance of incentives and 

acknowledgements that may thus contribute to positive behavioural change [PA6, 

PA7, PA8]. 
 

Table 3: Level of Understanding and Awareness of Community 

Theme Code (statements) PA 

1 

PA 

2 

PA 

3 

PA

4 

PA

5 

PA

6 

PA

7 

PA

8 

PA

9 

Importance of 

community 

participation 

Understanding the 

importance of community 

participation in projects and 

initiatives. 

✓    ✓ ✓ ✓ ✓ ✓ 

Understanding 

of the concept 

The community still has a 

limited understanding of the 

concept of low carbon, 

which hinders their ability 

to actively contribute. 

✓    ✓  ✓ ✓ ✓ 

Behavioural 

learning and 

change 

Behavioural change is 

crucial in achieving 

sustainable practices. Thus, 

schools and universities 

should involve in educating 

students about 

sustainability. 

    

✓ ✓ 

   

Method of 

learning 

Importance of providing 

adequate training to the 

community before 

implementing a program to 

ensure the program’s 

success. 

   

✓  ✓ 

   

Capacity 

building and 

Mentorship 

Community leaders can 

play a role in guiding and 

mentoring community 

members to build their 

capacity. It is also part of 

strategies for identifying 

and nurturing emerging 

leaders. 

    

✓    ✓ 
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Best practices 

in other 

communities 

and countries 

Organizing visits to 

successful community 

initiatives and programs or 

observing practices in other 

countries like Indonesia are 

the way to encourage 

communities’ interest, 

hence participation 

✓    ✓    ✓ 

 The theme that has high impact      Theme that has moderate impact      Theme that has low-impact 

*Throughout the focus group discussion, both participants PA2 and PA3 faced difficulties in participating due 

to technical and connectivity issues. 
 

Table 4: Factors Influence Community Participation 

Theme Code (statements) PA 

1 

PA 

2 

PA 

3 

PA

4 

PA

5 

PA

6 

PA

7 

PA

8 

PA

9 

Method of 

Participation 

Importance of tailoring the 

approach to the specific 

community for the effectiveness 

of the method, and programs. 

✓    ✓ ✓ ✓ ✓ ✓ 

Promotion of 

low carbon 

concept 

It is important to instil and 

promote sustainable development, 

and practices among urban 

communities.  

✓         

Information 

sharing and 

communication 

Effective communication 

strategies are fundamental to 

ensuring information reaches the 

intended target group.  

✓ 

  

✓ ✓ ✓ 

 

✓ ✓ 

Financial and 

resource 

Importance of financial grants to 

be provided for the successful 

implementation of community 

projects. 

✓ 

  

 ✓  

  

✓ 

Collaboration 

between 

stakeholders 

Importance of collaboration 

between stakeholders for the 

implementation of projects aimed 

at raising awareness and building 

community capacity. 

✓ 

   

✓  ✓ ✓ ✓ 

Technology and 

data 

management 

Importance of data of low carbon 

initiative to track progress. 

Besides, the adoption of 

technology can facilitate the data 

management process. 

✓    ✓    ✓ 

Government’s 

Role and 

Initiative 

Local authorities should play an 

active role in providing resources 

and infrastructure to support low 

carbon initiatives and promote 

community participation in the 

program. 

    ✓ ✓   ✓ 

Leadership and 

representation 

The success of any initiative 

depends on effective leadership 

and communication. Importance 

to involve community leaders and 

inform them of government 

policies and goals. 

    ✓   ✓  

Government 

policies and 

guidelines 

The importance of sustainability-

related policies like the New     ✓    ✓ 
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Urban Agenda aligns with the 

community’s inspiration. 

Role of social 

media 

Importance of the awareness of 

low carbon agenda being spread 

through social media. 
    ✓     

Incentive and 

benefit 

Importance to providing rewards, 

acknowledgment, and incentives 

as a means of encouraging 

positive behavioural change.                                                

     ✓ ✓ ✓  

 The theme that has high impact      Theme that has moderate impact      Theme that has low-impact 

*Throughout the focus group discussion, both participants PA2 and PA3 faced difficulties in participating due 

to technical and connectivity issues. 
 

CONCLUSION 
This paper explores the community’s current understanding and participation in 

the LCC initiatives conducted by MBSA. This study also contributes to a better 

understanding of the factors that influence community participation in the 

initiatives. The results indicate that the community of Shah Alam might require 

a better grasp of the low carbon idea to allow them to actively participate in the 

LCC initiatives, whether initiated by the community, or the local authority. This 

can be achieved by learning from other communities or countries that have 

successfully implemented LCC initiatives, hence encouraging changes in the 

behaviour of the communities towards low carbon practices. The study also 

revealed two main factors contributing to community participation in the LCC 

initiatives, namely the method for information sharing and participation. It is 

essential to have both processes customised according to different community 

segments, or target groups to ensure greater understanding and participation by 

the community. Besides that, collaboration between stakeholders was highlighted 

as a means to enhance the community’s capacity to participate in low carbon 

programmes and initiatives. As a result, it is anticipated that the findings will help 

MBSA, and potentially other local authorities to be able to address the 

shortcomings of the current practices, and hence, promote more effective 

community participation in the LCC initiatives. Subsequently, a few areas can be 

addressed in the future, including replicating the study using a quantitative 

research method as, due to its statistical attributes, it may result in different 

outcomes.   
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Abstract 

 

Real estate has been a spectator to technology disruption for the past few years 

as many activities that used to be mediated by physical spaces within buildings 

are presently being shifted to virtual space. Markedly, this is the case in shopping 

as brick-and-mortar retailers are being disrupted by e-commerce. This study’s 

premise is that it is not clear whether the emergence of online shopping would 

transform the physical retail property sector in Malaysia. To gauge the impact of 

the disruption on the physical space, this study conducted a survey among the 

shoppers in Klang Valley, Malaysia to determine the preference of shoppers to 

shop virtually or in the physical spaces at shopping centres. From the findings, it 

is found that the virtual space is not identified as an immediate and direct threat 

to physical space by shoppers. The synergies between the virtual space and 

physical space have to be explored so that the existing physical spaces can be 

designed to ensure sustainability with shoppers’ preferences. 
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INTRODUCTION  
With the emergence of the digital economy, retail property could be affected in 

several ways, such as the reduction of rent per square foot and gross sales. 

Traditional shopping will become less appealing as Internet transactions become 

more common. According to the Department of Statistics Malaysia, there are 

around 25.08 million internet users in Malaysia compromising 79% of the total 

population as of 2019. In addition, Malaysia’s overall e-commerce income 

performance in 2021 recorded RM1.1 trillion, an increase of 21.8% compared to 

2020. The digital economy is expected to contribute 25.5% to the country's gross 

domestic product (GDP) by 2025, according to the 12th Malaysia Plan (12MP), 

a document released by the Economic Planning Unit (EPU), Malaysia (Economic 

Planning Unit, 2015).  

Parallel to the emergence of virtual space that might have contributed 

to falling footfalls in physical retail space; the intrinsic inefficiencies of the 

property market are worsening the situation. Demand lags for new spaces have 

led to a massive oversupply of retail physical space in some markets across 

Malaysia, especially the Klang Valley. This study covers shopping centres (and 

excludes arcades and hypermarkets) located in the Klang Valley. Geographically 

the study area covers Wilayah Persekutuan Kuala Lumpur, Wilayah Persekutuan 

Putrajaya and some districts in Selangor. The occupancy rate has been showing 

a drop since 2018. It was reported by NAPIC (PMR, 2022) that the overall 

performance of the shopping complex continued to moderate, recording an 

occupancy rate of 75.4%, down from 76.3% in 2021. 

The potential effects of e-commerce on the traditional retail property 

could eventually be profound as the rapid development of e-commerce may 

reduce the demand for physical space within the retail property market (Zhang et. 

Al, 2016). This study attempts to uncover the shoppers’ preference towards 

online shopping and physical shopping and whether shopping centres could be 

threatened by the emergence of e-commerce in Malaysia. The study also has the 

objective to determine the shoppers’ relative preference for one space versus the 

other in terms of drivers for that space and preferences in that space irrespective 

of the other space’s characteristics. In addition, this study intends to measure the 

typical customer journeys for a consumer good purchase, a typical customer 

journeys for a consumer good purchase (physical goods) in which the journey is 

measured with four touchpoints corresponding to shoppers’ arbitrage/preferences 

between physical and virtual spaces at the decision-making stages of their 

journey. Customer journeys are comprehensive as they cover the process from 

decision-making (prepurchase: touchpoint 1) to experience sharing (post-

purchase: touchpoint 4) in accordance with the marketing literature. 
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LITERATURE REVIEW 
Impact of E-Commerce and Online Shopping 

By 2023, the e-commerce market is predicted to fetch US$5.7 billion with the 

number of users expected to amount to almost 22 million (Statista, 2022). With 

the advent of e-commerce within the retail sector, an earlier study by Razali et al. 

(2014) has highlighted that there will be no impact on the spaces of shopping 

centres. However, Lund (2020) and McGowan (2019) argued that with the 

increasing connectivity and online shopping among shoppers, the physical spaces 

at shopping centres will eventually be reduced. As in the case of Malaysia, the 

occupancy rate of shopping centres has been showing a drop in the occupancy 

rate since 2018. A study in China by Zhang et al (2016) has found that there is a 

minimal impact of e-commerce on the demand for commercial retail space. The 

relationship between online retailing and physical retailing has been seen as 

substitutes or complements (Dixon & Marston, 2002, Dixon & Marston, 2005). 

E-commerce has been said to impact physical shopping space in several 

ways, including i) geocentric shopping advantages, based on distance and 

location, become less important as consumers go online; ii) retailers may decide 

to lead or follow customers online, causing a further migration of sales and a 

decrease in individual store performances; iii) retailers alter their virtual and 

physical sales channel mix, impacting on their leasing needs; and iv) rent and 

property values are affected, which in turn influences lender and investor 

expectations (Dixon & Marston, 2005). More recent studies on the impact of 

online shopping have shown the varying impact of online shopping on shopping 

centres. In Slovakia, a combination of omnichannel approaches was adopted in 

commercialising the merchandise (Hasan, 2019). The report by Savills (Savills 

Commercial report, 2018), has shown that the physical space is proving to be both 

a complementary and synonymous part of the brands’ overall omnichannel 

strategy. Customers usually research online information about the products 

before buying, thus the need to adopt the omnichannel approach. 

 

Shoppers’ Motives and Attitudes Toward Physical and Online Shopping 

It has been said that shoppers’ motives and attitudes towards shopping often vary 

significantly depending on factors affecting shopping centres as their shopping 

behaviours can be for the achievement of utilitarian goals (Hastreiter and 

Marchetti, 2016). Another study on shopping behaviours at shopping centres in 

the Middle East has revealed three (3) main shopping motives: hedonic, 

efficiency, and accomplishment (Koksaiv, 2019). Hence, shoppers’ attitudes 

towards shopping at centres differ and are somewhat unpredictable based on the 

centres’ overall image, such as location, nature and quality of product assortment, 

prices, services, physical attributes, tenant mix and atmosphere (Elena and 

Howard, 2007; Hastreiter and Marchetti, 2016, Calvo-Porral and Levy-Mangin, 

2018). However, Cristina and Jean-Pierre (2018) have found that the convenience 
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of the shopping mall and the communication activities do not show a significant 

influence as pull factors. 

In Malaysia, several factors have been identified related to shopping 

centres’ characteristics that shaped shoppers’ selection of their favourite 

shopping centres. These include aesthetics, convenience, merchandising and 

promotions, accessibility, architecture, atmosphere, customer service, point of 

difference and loyalty program, tenant mix, access convenience and ambience 

(Kamarulzaman and Lee, 2010; A Majid et al., 2015; Ying and Ng, 2010).  

According to Lim et al (2010) and Gupta (2014), the Internet has 

enabled retailers to offer an unlimited range of products and services to all 

consumers from around the world at any point direct marketing channel for the 

global marketplace without any intermediary as well as simplify selling activities 

at a lower operating cost (Stofkova et.al, 2022). According to Wong (2019) and 

the earlier study by Thananuraksakul (2007), it has been highlighted that a virtual 

store has advantages over a brick-and-mortar store in its ability to offer 

consumers more choices of products/services, satisfy customers’ specific needs, 

reduce search costs, and provide more convenient delivery & payment 

arrangements, time-saving, ease of use, nature of products, speed, cost-

effectiveness, competitive price, and trust in online shopping. It has been 

highlighted that the number of online consumers is growing with its attention 

focused on new online marketing channels and social media platforms (Pollak et 

al., 2021).  

Tools to model and analyse consumers’ experiences in physical spaces 

through the customer journey map (CJM) are essential to understand the 

travelling order of customers before they end up buying a product. CJM enables 

the understanding and identification of the shoppers’ expectations and desires in 

creating strategies that will improve their shoppers’ experience at the final 

touchpoint as well as maps the sequence of events by a customer during an entire 

purchase process within a service organization (Giraldi & Bevilacqua, 2016, 

Rosenbaum and Ramirez, 2017, Stein and Ramaseshan, 2016). To achieve a 

certain shopping task, a series of touchpoints is formed within the journey of a 

consumer. During the purchase process, CJM lists all possible organisational 

touchpoints that a consumer may encounter which can be modelled with four (4) 

touchpoints corresponding to shoppers’ arbitrage/preferences between physical 

and virtual spaces at the decision-making stages of their journey. The touchpoints 

are 1) Touchpoint 1: Making choices, 2) Touchpoint 2: Instore experience, 3) 

Touchpoint 3: Buying the products and 4) Touchpoint 4: Getting the products. 

This study applies the concepts of customer journey and touchpoints in 

gathering the preferences of shoppers to the shopping platforms i.e., physical or 

online. Identifying the drivers of channel choice, e.g., in-store purchases or online 

purchases is complex and customer experience management in the context of 
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physical and virtual spaces is a relatively new field (Verhoef et al., 2015, Lemon 

and Verhoef, 2016). 

 

METHODOLOGY 
This study adopted a quantitative approach to determining the preference for 

online shopping and shopping at shopping centres in the Klang Valley. In 

addition, the research model measures typical customer journeys for a consumer 

good purchase, a typical customer journey for a consumer good purchase 

(physical goods) is modelled with four touchpoints as mentioned in the earlier 

section.  

Due to the physical contact restriction that limits face-to-face 

interaction as a result of the COVID-19 pandemic, an online survey was designed. 

In addition to having the consent to conduct the survey from the University of 

Malaya Research Ethics Committee (UMREC), the Checklist for Reporting 

Results of Internet E-Surveys (CHERRIES) was used as a guide to improve the 

quality of online survey (Eysenbach, 2012). An initial advertisement through 

Facebook and Instagram was attempted to provide awareness and participation. 

After the survey appeared in these media 70,850 times, around 43,710 users were 

recorded to open and view the survey. Due to the poor participation, other online 

platforms including emails and WhatsApp were used to disseminate the survey 

forms (designed with SurveyMonkey) to shoppers domiciled in the Klang Valley. 

The use of enumerators also assisted in gathering responses from the various 

spectrum of shoppers who have consented to participate and fulfil the 

respondents’ profile requirement of the targeted population in the Klang Valley.  

From the distributed online survey forms that were distributed, a total of 400 

completed responses from the population of Klang Valley (as specified by 

Krejcie & Morgan (1970) for sampling size) were collected which eventually 

allowed for the data to be analysed accordingly.  

 

DATA ANALYSIS 
The collected data was analysed using descriptive analysis and non-parametric 

statistical tests using Statistical Package for Social Science (SPSS). The 

Descriptive analysis was used to analyse the respondents ’profiles and 

preferences to do shopping either online or at shopping centres. In the later 

section, the respondents were asked about their preferences at each of the 

identified touchpoints.  

For the subsequent section, the survey required respondents to rank the 

factors that influence households to shop online or physically. The reliability test 

was also conducted on the result to examine the reliability of the questionnaire. 

In addition, the frequency of each factor was ranked with respect to the level of 

influence based on opinions from the respondents. This factor also was analysed 

using the Spearman correlation coefficient to determine if any of the factors were 
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significantly related to each other. The Spearman correlation coefficient value 

ranges from -1 to 1. The higher the coefficient indicated the stronger the 

relationship between the variables. 

 

RESULTS  
Respondents Profile 
According to Table 1, the majority of the respondents (68%) were female and 

32% were male. Furthermore, most of the respondents originated from Kuala 

Lumpur followed by other locations in Klang Valley.  
 

Table 1: Profile of Respondents 

Respondents’ Profile Percent 

Gender  

Male 32.0 

Female 68.0 

Shoppers Origin  

Kuala Lumpur 32.0 

Petaling Jaya 9.8 

Subang Jaya 8.8 

Shah Alam 20.3 

Other location in Klang Valley 29.3 
 

 

Reliability Test 

Cronbach alpha was used to measure the reliability of the items in the 

questionnaire. The Cronbach Alpha value of 0.693 indicates that the items have 

an acceptable level of consistency since the value of 0.65 and 0.95 is acceptable 

as specified by Chua (2006). 

 

Shoppers Shopping Habits 

Table 2 illustrates that the majority of shoppers shop in both shopping centres 

and online with a percentage of 93.5%. This shows that shoppers are well 

exposed to both shopping channels when purchasing a product. 
 

Table 2: Percentage of shopper’s shopping habits 
Shopping Habits Percent(%) 

I only shop in shopping centres 4.3 

I only shop online 2.3 

I shop in both shopping centres and online 93.5 

Total 100.0 
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Factors Influencing the Decision of Shoppers to Shop in the Physical 

Shopping Centre 

As shown in Table 3, the factors that mostly influence the decision of shoppers 

to shop in the physical shopping centre are product varieties and selection 

(25.2%), followed by accessible location (23.7%). The third ranking factor 

influencing the decision of shoppers to shop in the physical centre items from 

the physical attributes of the shopping centre (12.9%). The lowest percentage of 

factors that influence the decision of shoppers is the centre branding (2.8%).  
 

Table 3: Factors Influencing the Decision of Shoppers to Shop in the Shopping Centres 

 

Factors Influencing the Shoppers' Choice of Shopping Online 

Based on Table 4, the shoppers rank convenience – anywhere, anytime (27.8%) 

as the most important factor affecting their choice to shop online. This is followed 

by time saving and ease of use which represent 21.2% and 14.7% of the total 

percentage respectively. The shoppers in the study sample were mainly individual 

shoppers, which suggests very few shoppers buy the product online in bulk 

(1.0%). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Factors of Physical Shopping Percent (%) Rank 

Accessible location 23.7 2 

Product varieties and selection 25.2 1 

Products with competition pricing 10.4 5 

Quality customer services 4.7 6 

Physical attributes 12.9 3 

Shopping atmosphere 12.5 4 

Shopping centre branding 2.8 8 

Recreation activities 3.8 7 

Safety in the centre 3.8 7 

Total 100.0  
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Table 4: Factors Influencing the Shopper’s Choice of Shopping Online 
Factors of On-line Shopping Percent (%) Rank 

Convenience - anywhere, anytime 27.8 1 

Time saving 21.2 2 

Ease of use 14.7 3 

Trust in online shopping 5.3 6 

Quality of website (information and attractive) 6.9 5 

Quick response to delivery 4.0 8 

Safe transactions 4.4 7 

Nature of products I buy - mainly cheap products 13.3 4 

Nature of products I buy - mainly bulky products 1.0 10 

Nature of products I buy - mainly household 

products 

1.3 9 

Total 100.0  

 
Customer Journey: Buying Physical Goods in a Shopping Centre 

Table 5 shows the level of agreement of shoppers in mapping their journey when 

buying products through the virtual and physical space via the Four (4) 

touchpoints. For touchpoint 1, it was revealed that 67.8% of shoppers agree that 

they check retailers’ websites and go to check for product choices and offers 

when they shop virtually while 75.8% go to the store to check the product choices 

when they shop at physical spaces. At touchpoint 2, 68% of the shoppers research 

the relevant information from the retailers’ website for the product they want to 

buy online while 53.5% of the shoppers learn about the product from a sales 

representative in the store. At Touchpoint 3, 69% of the shoppers buy online 

while 76.1% buy instore. Finally, at Touchpoint 4, 80.6% of the shoppers get the 

product delivered online when they shop online while 56.3% of the shoppers 

collect the products in the store and bring it home. 
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Table 5: Level of agreement of shoppers in mapping their journey when buying 

products through the virtual and physical space 

 
 

Correlation Analysis Using Spearman Correlation Test 

This test is conducted to test the correlation of the customer journey in virtual 

and physical space at the four touchpoints. 
 

Table 6: Spearman Correlation Test for Touchpoint 1- Making a Choice 

  

I check 

retailers' 

website for 

product choices 

and offers 

I go to the 

store to 

check for 

product 

choices and 

offers 

Spearman's 

rho 

I check retailers' 

website for product 

choices and offers 

Correlation 

Coefficient 

1.000 .206** 

Sig. (2-tailed)   0.000 

N 400 400 

I go to the store to 

check for product 

choices and offers 

Correlation 

Coefficient 

.206** 1.000 

Sig. (2-tailed) 0.000   

N 400 400 
**. Correlation is significant at the 0.01 level (2-tailed). 
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A Spearman’s r data analysis revealed that there is a very weak 

correlation, (r =.206, p < .05) between the two variables and the correlation is 

positive. The positive correlation shows that there is a relationship between the 

customers’ journey in doing shopping virtually and physically when making a 

choice.  
 

Table 7: Spearman Correlation Test for Touchpoint 2- Instore Experience 

  

I research relevant 

information from the 

retailers’ website about 

the products I buy 

I learn about 

products I want 

to buy from a 

sales rep in the 

store 

Spearman's 

rho 

I research relevant 

information from 

the retailers’ 

website about the 

products I buy 

Correlation 

Coefficient 

1.000 .153** 

Sig. (2-tailed)   0.002 

N 400 400 

I learn about 

products I want to 

buy from a sales 

rep in the store 

Correlation 

Coefficient 

.153** 1.000 

Sig. (2-tailed) 0.002   

N 400 400 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

A Spearman’s r data analysis revealed that there is a very weak 

correlation, (r =.153, p < .05) between the two variables and the correlation is 

positive. The positive correlation shows that there is a relationship between the 

customers’ journey in doing shopping virtually and physically for the instore 

experience. 
 

Table 8: Spearman Correlation Test for Touchpoint 3 – Buying the Products 

  

I buy 

online 

I buy in 

the store 

Spearman's rho I buy online Correlation Coefficient 1.000 .409** 

Sig. (2-tailed)   0.000 

N 400 400 

I buy in the 

store 

Correlation Coefficient .409** 1.000 

Sig. (2-tailed) 0.000   

N 400 400 
**. Correlation is significant at the 0.01 level (2-tailed). 

 

A Spearman’s r data analysis revealed that there is a weak correlation, 

(r =.409, p < .05) between the two variables and the correlation is positive.  The 

positive correlation shows that there is a relationship between the customers’ 

journey in doing shopping virtually and physically when buying the products 
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Table 9: Spearman Correlation Test for Touchpoint 4 – Getting the Products 

  

I get the 

products 

delivered 

I collect the 

products in store 

and bring them 

back home with 

me 

Spearman's rho I get the 

products 

delivered 

Correlation 

Coefficient 

1.000 -0.013 

Sig. (2-tailed)   0.798 

N 400 400 

I collect the 

products in store 

and bring it 

back home with 

me 

Correlation 

Coefficient 

-0.013 1.000 

Sig. (2-tailed) 0.798   

N 400 400 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

A Spearman’s r data analysis revealed that there is no correlation, r = 

(-0.013) between the two variables. The correlation is also not significant with 

each other, p < .05 (which is p = 0.798). The negative correlation shows no 

relationship between the customers’ journey in shopping virtually and physically 

when getting the products. 
 

DISCUSSION 
The survey results show that most shoppers (93% of the respondents) in the Klang 

Valley do their shopping at both channels i.e. at shopping centres and online. The 

findings revealed that the top factor is product varieties & selection followed by 

accessible location and physical attributes. Thus, in light of the factors mentioned 

in earlier studies factors identified by shoppers in Klang Valley are similar to the 

ones identified in past literature.  

Meanwhile, the top three factors influencing Klang Valley shoppers’ 

preference for shopping online are convenience, time saving and ease of use. This 

finding correlates to earlier findings by Wong (2019) insofar as virtual space has 

an advantage over physical space owing to its ability to offer customers 

convenient delivery and payment arrangements, speed, accessibility, and cost-

effectiveness. With respect to their customer journeys when purchasing physical 

goods in a shopping centre, shoppers in the Klang Valley have varying responses 

to channel choices encountered during their journey in both physical and virtual 

spaces.  

At the decision-making choice stage, i.e. at Touchpoint 1, the majority 

of shoppers agree that they check the retailer’s website for product choices and 

offers while going to the physical store to check for product choices and offers. 

At Touchpoint 2, i.e. the instore experience, a majority of shoppers agree that they 

search for information on the retailers’ website. Interestingly, only half of the 

shoppers learn about the product from a sales representative in the physical store. 
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At Touchpoint 3, i.e. buying the product, a majority of shoppers indicate that they 

buy online as well as in the physical store. At Touchpoint 4, i.e. getting the 

product, a majority of shoppers get their product delivered when they shop online. 

On the other hand, approximately half of the shoppers collect the product in 

physical stores. What can be observed from these findings are shoppers’ 

preferences at the various touchpoints. Nonetheless, shoppers tend to shop in the 

shopping centre that they like when making purchases in physical spaces. This 

enhances the role of factors discussed in earlier studies of the factors as key 

drivers of shoppers to shopping centres.  

 

CONCLUSION 
The relationship of certain key variables, particularly those related to customer 

purchases either in a centre or online as a result of social media (online) and 

offline (shopping centre) marketing, suggests a symbiotic relationship between 

physical retailing (brick-and-mortar centres) and e-commerce (virtual space). To 

enable shopping centres to compete with online retailers, shopping centre 

developers/policymakers could consider a range of measures impacting the 

convenience of shopping centres  

While it is easy to get carried away in forecasting the demise of physical 

space for the exclusive benefits of e-shopping, the reality on the ground is 

different as exemplified by the findings of this study. What e-commerce does to 

space is not making it irrelevant, but rather it makes it relevant in an existential 

rather than functional way, i.e., shoppers come to shopping centres to enjoy, 

meet, experience, touch, taste and feel what they might have noticed through 

online marketing. This positioning of retail real estate space into people’s lives is 

an opportunity that many real estate actors are already working hard to capitalize 

on.  
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Abstract 

 

In this paper, a sustainable and non-structural solution is identified to solve the 

problem of riverbank erosion by using the case study of Pusu River in the district 

of Gombak, Selangor, Malaysia. Several types of non-structural and sustainable 

materials were used as riverbank protection in the study area with the application 

of coconut coir mat and vetiver grass and their effectiveness were evaluated. The 

coconut coir was fabricated in the laboratory as per ASTM D6525 and it was 

applied in four plots at the riverbank that consist of different configurations 

namely bare soil, coconut coir mat with natural vegetation, coconut coir mat with 

vetiver grass, and vetiver grass on its own. To analyse the effectiveness of the 

configurations, two tests such as visual inspection test and riverbank erosion 

assessment using erosion pins were conducted. This study concludes that coconut 

coir helps vetiver grass roots to grow more expansively as compared to the growth 

of the vetiver grass without coconut coir. The application of vetiver grass is 

proven to be 90.5 % effective which is higher than other types of configurations 

with a 0.05 cm/day mean erosion rate observed. 
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INTRODUCTION  
River rehabilitation and restoration is not entirely new, as it has been practiced 

since a century ago (Bischetti et al., 2012). A great variety of strategies have been 

made across the world to restore the natural watercourse in their places, 

particularly which have been damaged due to natural disasters such as floods as 

well as anthropogenic intervention. Anthropogenic activities are still polluting 

the rivers in many countries, including Malaysia (Firdaus, Rasidi and Said, 2021). 

Since water is considered as one of life source, a serious attention on the activities 

that lead towards damaging this natural watercourse should be controlled to a 

minimum level (Tun Ismail et al., 2023).  Nevertheless, a sustainable strategy 

towards the restoration of the riverbank is of great interest nowadays. There are 

numerous methods of riverbank protection designed throughout the years. Most 

of the river protection designs invented are conventional methods applying 

structural components such as reinforced concrete and steel structures.  

At this present moment, it is crucial to produce a more sustainable 

design as it is more environmentally friendly and cost-effective in comparison to 

conventional designs. Nevertheless, in order to solve the problem, a sustainable 

solution is important where there must be a balance in environmental, social and 

financial aspects (Mickovski, 2016). It is proven that the soil bioengineering 

approach is an option that meets the requirements of technical and environmental 

concerns as there is a significant number of technical literatures on the subject 

produced in the preceding decades (Bischetti et al.,2012). 

 Despite the various methods of implementing riverbank protection 

available, it is important to make a proper selection of methods that can be 

implemented to avoid consequences such as excessive protection and redundant 

structures (Islam, 2008). The author also stated that riverbank protection built to 

protect a single point can also have an impact on the others points downstream. 

The proposed method adopted in this study covers a series of 

sustainable strategies and designs from past researchers in producing a design 

that will help to solve the riverbank erosion in the study area. Types of materials 

and riverbank protection designs are produced by considering the cost, 

effectiveness, and sustainability features. Other than that, a physical scale model 

that is used for a procession of test runs is constructed in order to justify the 

effectiveness and the efficiency of the proposed design. 

 

LITERATURE REVIEW 
Riverbank Erosion 

It is important to acknowledge the definition of riverbank erosion based on the 

types, characteristics and morphology of the riverbank before looking into 

possible methods to be implemented as riverbank protection measures (Islam, 

2008). Collell et al. (2017) highlighted that engineering approaches are important 

to be implemented, as natural processes alone such as riparian vegetation are 
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unable to withstand the present soil erosion problem. The authors also categorized 

the methods of protection into three categories which are conventional 

engineering, bio-engineering and compound solution that include structural and 

non-structural methods.  

Riverbank erosion can be defined as the motion of the soil and sediment 

at the bank or bed of a river due to various causes, which may be due to the flow 

of the water, land use or weathering. Islam (2008) claims that the bank erosion 

phenomenon is a process that is repeated in sequences and that there are four sub-

processes involved, which are abruption of riverbank slopes, slipping of the 

unstable slope, discharging of the failed soil of the slipping slope to the riverbed 

and lower part of the slope and the riverbank becoming unstable. This cyclic 

process is influenced by two main factors, which are hydraulic instability and 

geotechnical instability.  

Soil erosion can be classified into two categories which are geological 

erosion and accelerated erosion (Abidin et al., 2017). Geological erosion is a 

natural phenomenon as the earth basically moves but the movement is not 

significant and the process requires a long period of time. This movement is 

actually a process to stimulate the formation of soil to be in an equilibrium state 

(Abidin et al., 2017). The authors also explained accelerated erosion which is a 

phenomenon where the soil moves because of the removal of vegetation that 

support the soil formation. Therefore, it is important to adopt appropriate 

riverbank protection measures in solving the issue of riverbank erosion. 

 

Bio-Technical Riverbank Protection 
Bio-technical engineering is a combination of geotechnical and bio-engineering 

disciplines that include vegetative and non-vegetative structural components 

(Morgan & Rickson, 1995). Similarly, Collell et al. (2017) states that artificial or 

natural material can be applied to bio-engineering measures in order to provide 

more structural stability.  

On top of advantages of vegetation methods, especially its self-

regeneration and soil stabilization improvement capability, bio-technical 

engineering also provides many equal opportunities to the economy, society, and 

nature aspects (Mickovski, 2016; Mickovski & Thomson, 2017). This type of 

approach is aligned with as sustainable development in which nature is not left 

behind while constructing a reliable, stable and durable structure with many 

precautions related to the sustainability of the environment, such as preserving 

natural life, minimizing waste and utilizing resources to the fullest (Mickovski, 

2016). 

 

Coconut Coir Matting 

The scientific name of coconut is Cocos Nucifera. It is a fruit that has the thickest 

fiber strain among all types of natural fibers (Thyavihalli Girijappa et al., 2019). 
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The coconut coir is suitable to be a coir mat because of its properties of being a 

renewable resource, cost-efficient, highly water absorbent and full of nutrients 

that can support vegetation growth (Verma & Gope, 2015). 

Jaafar et al. (2020) stated that erosion control matting can provide many 

significant advantages as the mat not only help to protect the surface runoff due 

to rainfall at the riverbank but also helps to cover the vegetation which increases 

the stability of the riverbank. The authors also stated that the mats can be made 

of natural materials such as fibers, wood or straw. On top of that, Jaafar et al. 

(2020) also conducted a case study in which coconut coir was utilised as a 

protective measure on the slope to minimize the effect of water erosion. It was 

proven that coconut coir matting helps vegetation development and provides 

extra reinforcement on the soil as the shear strength of the soil is increased. A 

case study by Jaafar et al. (2020) has proven that planting vegetation with matting 

shortens the length of the vegetation root while simultaneously increasing the 

concentration of the said root. This phenomenon also improves the stability of 

the riverbank soil. 

 

Application of Vetiver Grass 

Vetiveria Zizanioides or more commonly known as vetiver grass was promoted 

in 1980 by the World Bank as a land conservation measure in India (Leknoi & 

Likitlersuang, 2020). The authors also further discussed that Vetiver grass is 

highly functional where it is beneficial in various applications such as agriculture, 

slope stabilization, land mining, wastewater treatment and contaminated land 

rehabilitation. Moreover, the authors also described a few special characteristics 

to vetiver grass that are not exhibited by other vegetation, namely strong and 

fibrous roots that can penetrate soil approximately 2 or 3 meters per year, high 

tolerance to the extreme weather conditions such as flood and drought due to its 

survivability.  

A slope profile simulation with and without vetiver grass were done in 

Malaysia to compare the slope factor of safety concluded that the application of 

vetiver grass is highly effective in order to provide protection to the slope without 

considering the its angle as shown in Figure 1 (Mohd Taib et al., 2020). 

Moreover, vetiver grass is proven to be more affordable and cheaper (Mondal & 

Patel, 2020). In addition, the authors state that the combination of vetiver grass 

with other protection measures has the potential to produce long-term riverbank 

conservation. 

 

Selection of Riverbank Erosion Protection Strategies 

Riverbank protection measures can be divided into three categories which are 

conventional hard structural, non-structural, and mixed methods (Collell et al., 

2017). This study focuses on the non-structural method with the addition of 

sustainable features, which is a method that is more considerate to the 
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environment with the use of organic materials and involving minimum alteration 

to the natural structure of the riverbank. In addition to that, two types of 

techniques have been shortlisted as the potential sustainable protection measures, 

which are bamboo planting and application of coconut coir mat. 

It can be concluded that the application of coconut coir mat is more 

feasible than planting bamboo for a few reasons, chief of which it takes a lot of 

time for the growth of the bamboo plant. Based on research by Pertiwi et al. 

(2021), the result of bamboo planting can only be obtained after three to five years 

after planting. On the other hand, the application of coconut coir mat only takes 

less than a month just to observe the growth rates of the vegetation in the model 

(Jaafar et al., 2020). 

 

 
Figure 1: Application of vetiver grass as slope protection. 

(Mohd Taib et al., 2020). 
 

RESEARCH METHODOLOGY 
Initially, a site investigation was carried out in order to attain associated data and 

parameters regarding the main problem occurring in the study area. The design 

of the riverbank protection for this study involves the application of coconut coir 

mat. On top of that, fabrication of coir mat and samples preparation were done. 

There were four types of configurations namely bare soil, coconut coir mat with 

natural vegetation, coconut coir mat with vetiver grass, and vetiver grass on its 

own. Testing of application and fieldwork data collection includes visual 

inspection test, riverbank erosion assessment using erosion pin and soil test. 

Based on the qualitative and quantitative data obtained, further analysis and 

discussion were done to justify the objective of this study. 
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Site Investigation and Materials Selection 
One of the earliest stages of this study consists of conducting several site visits to 

assess the location of the study area and to collect data. The location of the study 

area is the downstream part of Pusu River as illustrated in Figure 2. Additionally, 

the Pusu River is one of the tributaries of Gombak River and it is the biggest 

watercourse in Gombak District. However, upstream of the Pusu River, many 

activities take place that have a negative impact on the Pusu River ecosystem 

including illegal construction, illegal logging and illegal farming. 

 

 
Figure 2: The aerial view of Pusu River  

 

Based on the visual inspection conducted, it can be concluded that Pusu 

River is facing sedimentation problems and riverbank erosion. The riverbank 

erosion is majorly due to hydraulic instability as the flow of the river and the 

volume of water are decreasing gradually due to the high sedimentation 

concentration in the river. 

A site visit was also conducted to assess the river geomorphological 

condition to identify the location of the riverbank erosion. The types of riparian 

vegetation which naturally exist on the riverbank at Pusu River are Ludwigia 

Alternifolia and common natural grass. Some other parts of the riverbank were 

observed to be without vegetation (Hambal, 2021). 
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The selection of vetiver grass with coconut coir matting is due to other 

factors, as well such as the cost of the material. Vetiver grass is commercially 

used in many industries in Malaysia, and the cost is considered affordable, at 

around RM 4.80 per polybag. Not only that, the coconut coir is made of coconut 

husk, which is considered to be an abundant waste product of the agriculture 

industries in Malaysia. Due to this fact, it is cheap to acquire the coconut coir. In 

addition, the selection of material is also influenced by the serviceability of the 

protection measure. In this case, both of the materials did not require much 

maintenance as the coconut coir and vetiver grass are considered strong in other 

to withstand extreme conditions such as drought and flood. Thus, due to the short 

study period of this project, setting up a test model for a coconut coir mat with 

the planting of vetiver grass is the best method that is sustainable and not 

involving artificial structural components. 

 

Fabrication of Coconut Coir 
Coconut coir mat can be easily obtained as it is commercially available. In this 

study, coconut coir mats were fabricated in Kulliyyah of Engineering laboratory 

using Compression Testing Machine, as shown in Figure 3, with reference to 

ASTM D6525: Standard Test Method for Measuring Nominal Thickness of 

Rolled Erosion Control Products. 

 

Procedure of Fabricating Coconut Coir Mat 
The first step of fabrication is to extract the coconut husk to turn it into the 

coconut coir. This process was done by splitting and peeling the coconut husk 

from the pith in order to get a fibrous state of coconut coir which is easier to 

mould and shape. The coconut coir obtained from the previous process is heated 

in the drying oven at a temperature of 160°C for 5 minutes to complete the process 

of the extraction as shown in Figure 4.  
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Figure 3: Compression Testing Machine 

 

 
Figure 4: Extraction process of coconut coir 

 

 The process continues to the fabrication of coconut coir mat by 

pressing the coconut coir using Compression Testing Machine for 10 minutes 

with 6 kN pressure in order to fabricate with a thickness of 6 mm as per ASTM 

D6525: Standard Test Method for Measuring Nominal Thickness of Rolled 

Erosion Control Products. The coconut coir is fabricated using Aggregates 

Crushing Value Mould and prepared using a special method in order to produce 

the coconut mat in the most efficient manner and applicable to the Compression 

Testing Machine as shown in Figure 5. 
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Sample Preparation 
The test model was conducted in the study area and will be categorized into four 

configurations which are: 

 

1. Bare soil. 

2. Soil with natural vegetation on the riverbank with coconut coir matting. 

3. Soil with the addition of vetiver grass with coconut coir matting. 

4. Soil with the addition of vetiver grass planted independently.  

 

The vetiver grass was selected due to its characteristic of having a long 

root system that can be a structural component of the soil. In this study, the 

planting techniques do not involve hydroseeding as it may cause many uncertain 

scenarios, such as the availability of the seeds and the failure of the seedling 

stages. Hence, vetiver saplings were used at this stage. The test model also 

involved natural vegetation that already exists in the riverbank area. The grass in 

the surrounding area underwent replanting when the coconut coir mat was 

installed. Finally, in order to prepare soil without vegetation, a section of the test 

site needs to be cleared of any vegetation prior to coconut coir mat installation. 

 

 
Figure 5: Fabrication of coconut coir 

 

Testing 
Visual Inspection Test 

The visual inspection test was performed in order to observe the effects of 

installing coconut coir mats on the vegetation in the four conditions. The 

characteristics of the vegetation roots were observed once weekly for three 

months. This procedure is important in order to justify whether combining 

coconut coir mats with vegetation helps to improve the growth rate of the 

vegetation. Photographic images were taken as an observation to compare each 



Naqib Azfar Azmi, Saerahany Legori Ibrahim, Izihan Ibrahim, Dani Irwan Masbah & Siti Asmahani Saad 

Application of Coconut Coir Matting and Vegetation for Riverbank Erosion Protection 

 

© 2023 by MIP 396 

different condition which also includes the growth of vegetation roots and the 

overall condition of the test. 

 
Riverbank Erosion Assessment Using Erosion Pin 

Erosion rates were observed by using erosion pins installed at all four plots. This 

assessment method will give a more precise detail of whether the coconut coir 

mat can provide additional support to the soil of the riverbank or otherwise. 28 

pins were inserted in a horizontal alignment approximately 30.4 cm deep in the 

soil sample. Measurements from the tip of the pins to the riverbank surface were 

taken at regular intervals from April to June 2022.  

 

ANALYSIS AND DISCUSSION 
Visual Inspection Analysis 
Figure 6 shows the visual comparison of the vetiver grass root observation at 

initial condition taken on 19 April 2022 and its final condition taken on 2 June 

2022. From the observation, it can be seen that vetiver grass roots with coconut 

coir grew more expansively compared to those without coconut coir. This finding 

could be attributed to the application of coconut coir seemingly being beneficial 

to the growth of vetiver grass roots. This is in agreement with Jaafar et al. (2020) 

where coconut coir matting helps vegetation development and provides extra 

reinforcement on the soil. 

 

 
Figure 6: Vetiver grass root visual observation 

 

Erosion Pin Assessment 
In this erosion pin data assessment, the mean of the erosion rates for every plot, 

the percentages difference of the effectiveness of each method with respect to the 

average of the mean erosion rates, and the spatial variation of each pin will be 
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discussed. All of these results are pertinent in terms of justifying the effectiveness 

of the suggested sustainable solution for riverbank erosion.  

 

Mean Value for Erosion Rates 

The mean value of the erosion rates for every plot is calculated to exhibit the 

riverbank erosion that has occurred. The mean value for erosion rates of each plot 

is calculated by averaging the exposed length for each pin divided by the number 

of data collection days. The mean value of erosion rates for every plot is shown 

in Figure 7. The highest mean of erosion rates was exhibited by the bare soil plot, 

which is 0.0818 cm/day, and the lowest is in vetiver grass with coconut coir plot 

which is 0.0360 cm/day. Therefore, it is proven that vetiver grass with coconut 

coir is the most effective in protecting the riverbank from erosion, followed by 

the natural vegetation with coconut coir (0.0461 cm/day) and vetiver grass 

installed independently (0.0502 cm/day). 

 

 
Figure 7: Tabulation of erosion rates mean value 
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Figure 8: Effectiveness of all condition types to reduce erosion rates 

 

The output of the mean values for erosions of each plot could also be 

represented in terms of effectiveness expressed as percentage difference of the 

mean erosion rates of the various configurations against that of bare soil. 

Results show the highest percentage of effectiveness was obtained for 

the configuration of vetiver grass with coconut coir at 90.59% as compared to its 

counterparts shown in Figure 8. Ultimately, this indicates the application of 

vetiver grass with coconut coir matting is proven to be the most effective solution 

to treat the riverbank erosion at the Pusu River. 

 

Spatial Variation of Erosion Value 

In order to provide a different perspective of the erosion that occurred at the 

riverbank, spatial variation of erosion values at each pin was introduced. This 

erosion value denotes the change of the exposed length of the pin from the 

beginning to the end of the observation period. In Figure 9, the magnitude of this 

change is represented by the size of the circle.  

The bare soil plot demonstrated the biggest change of erosion value 

compared to other types of configurations, which exceeds 10 cm at the toe of the 

plot. Conversely, the lowest change of erosion value was exhibited by the vetiver 

grass with the coconut coir configuration followed by natural vegetation with 

coconut coir, vetiver grass only and lastly the natural grass on its own.  

Figure 9 also demonstrated that the erosion majorly happened at the toe 

of each plot. However, the proposed method, which is the application of the 
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vetiver grass with coconut coir, still provides good protection as it lessens the 

change in measurement at the toe of the riverbank. 

 

 
Figure 9: Spatial variation of all configuration 

 

CONCLUSION 
This research has succeeded in applying and evaluating the efficiency of various 

configurations of sustainable materials and vegetation for the purpose of 

riverbank protection measures in Pusu River. Coconut coir and vetiver grass were 

selected specifically for this study considering the cost, effectiveness, and 

sustainability features. Field observation and measurements were successfully 

conducted for four different plots consisting of bare soil and the other 

configurations which are coconut coir mat with natural vegetation, coconut coir 

mat with vetiver grass, and vetiver grass alone. 

The configuration of coconut coir mat and vetiver grass is proven to 

provide the best result in terms of providing effective protection toward the 

riverbank as evidenced by 0.308 cm/day erosion rate, 90.59% efficiency and 

lowest magnitude of change in erosion value. Furthermore, with regards to root 

morphology, results show that the configuration of vetiver grass and coconut coir 

achieved the best outcome in which the vetiver grass roots have grown more 

expansively compared to other configurations. These findings suggest that this 

configuration enhances the soil strength therefore leading to better riverbank 

stability. Future study can be undertaken on other parameters that includes 

hydraulic, geotechnical and bio-engineering aspects to further enhance the 

efficiency of non-structural and sustainable riverbank protection measure. 
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Abstract 

 

The application of the Geographical Information System (GIS) extends beyond 

mapping and includes an analysis of attribute and geographical data, 

identification of behavioural patterns, and visualisation of positional analysis 

outcomes. The system provides accurate coordinates, enabling functions such as 

storage and retrieval, pattern search, and model creation in GIS applications. One 

widely adopted approach for land-use identification involves utilising GIS 

operations to establish databases and conduct analyses. Thus, this study utilises 

ArcGIS software tools to determine the suitability of land and optimal location 

for the development of community gardens in Shah Alam. Decision-making was 

based on multiple criteria, and to ensure accurate and comprehensive data, the 

researchers employed a qualitative method similar to expert interviews. Related 

government agencies and authorities, as well as experts, provided input through 

three separate expert interviews. Findings from the interviews highlighted the 

significance of land slope, elevation, land use, proximity to settlements, road 

accessibility, and water access as important considerations for site selection in 

urban gardening or community gardens. The study demonstrates the effectiveness 

of GIS methods in obtaining such results and recommends that future research 

focus on assessing the potential for sustainable development by leveraging GIS 

techniques. 

 

 

Keywords: Multi-criteria Decision Making, Land Suitability, GIS, Urban 

Gardening  
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INTRODUCTION 
Known as urban farming, urban gardening involves growing plants and crops in 

urban areas, often in small-scale and limited spaces such as balconies, rooftops, 

or community gardens. Urban gardening plays a significant role in improving 

food security, particularly for vulnerable and underprivileged communities with 

limited access to fresh and affordable produce. In Malaysia, people in urban areas 

typically rely on local supermarkets and wet markets for their food, including 

vegetables. According to the Food and Agriculture Organization of the United 

Nations (FAO, 2022), people living in urban areas in Malaysia usually obtain 

their food supplies, especially vegetables, from local supermarkets and wet 

markets. Although the country has enough food supply, the FAO has cautioned 

about the possible difficulties in accessing food, particularly during disasters. 

Urban gardening can address these issues by increasing food availability and 

access, thus supporting food security for Malaysia’s urban population. 

Sustainable urban farming, including urban gardening, is an approach 

aimed at enhancing food security by increasing food supply and access. However, 

urban farmers in Malaysia (particularly those in major cities such as Kuala 

Lumpur, Shah Alam, and Johor Bharu) have faced various challenges. These 

include limited and suitable land access, water availability, difficulties in 

accessing financial institutions, lack of commitment, and administrative policies 

and bureaucracy involving multiple authorities (Ishak, Norziha, et al., 2022). 

Rapid developments in the urban and suburban regions are limiting the amount 

of land and green spaces available for recreational and social activities. This 

expansion has significant repercussions for the ways in which local communities, 

particularly urban farmers, are involved in the food resources business directly or 

indirectly. Additionally, the development of community gardens without 

systematic management can result in a less appealing and conducive urban 

environment. As a result, multiple guidelines for the establishment of community 

gardens and urban farming have been issued by various agencies. 

The comprehensive and forward-thinking implementation of these 

guidelines can be further enhanced through the use of a GIS-based Multi-Criteria 

Decision Making (MCDM) approach. The application of this MCDM method is 

not limited to a small number of disciplines. It can be used to determine and 

comprehensively analyse the suitability of land for the development of beneficial 

and sustainable urban gardening. GIS-based multi-criteria decision analysis is the 

most common method for agriculture land suitability (Ozsahin, E., & Ozdes, M., 

2022). By analysing multiple criteria such as soil type, soil texture, soil thickness, 

slope, climate properties, and soil structure, land suitability maps can be 

generated and used as a valuable tool for land use management. 
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LITERATURE REVIEW  
Urban Gardening and Community Garden 

Community gardens are often associated with the revitalisation of urban lands 

through neighbourhood beautification and restoration (Mccormick, K., 2020). 

These gardens are located in public spaces or commonly-held land and shared, 

particularly in an urban setting. Community gardens can be found in several 

locations, ranging from urban, suburban, and rural areas. They may vary in size, 

ranging from a few small plots to several acres. The crops planted in community 

gardens can vary depending on climate, location, and community preferences. 

Short-term crops such as herbs, leafy greens, and radishes (Zaidi Tajuddin, 2019) 

are well-suited for urban gardens due to their fast-growing nature, making them 

suitable for limited spaces and shorter growing seasons. Regarding the suitability 

of soil type, a few options can be considered, such as container potting mix, raised 

bed soil, or hydroponic and aquaponic systems. However, it is important to note 

that the suitability of soil types and crop choices can vary depending on the 

unique settings of urban gardening, such as the amount of sunlight and water 

available, as well as the prevailing climate. 

Community gardens and urban gardens are typically managed by local 

residents or civic organisations in the surrounding area. These garden managers 

may charge minimal fees or solicit volunteer labour (Delshad, A. B., 2022) in 

exchange for providing access to garden plots and utilities, such as water, 

composting, and shared tools. Urban gardening offers numerous benefits, 

including increased access to fresh and healthy food, promotion of physical 

activity and overall health, fostering social connections, providing valuable 

educational opportunities, enhancing property values while reducing crime rates, 

enhancing biodiversity, and contributing to overall environmental improvement 

(DeMuro, 2021). 

 

Multi Criteria Decision Making Approach (MCDM) 

Multi-Criteria Decision Making (known as MCDM) is a method that facilitates 

informed decision-making when multiple criteria need to be considered or when 

there is a need to choose among alternatives in which the selection of the most 

appropriate option is extremely complex (Dehe, B., & Bamford, D., 2015). The 

method allows for the integration of geographic data and value judgements to 

assess decision alternatives. GIS-based multi-criteria decision-making is 

particularly beneficial for complex land-use decision support as the tool offers 

solutions to various spatial issues. 

 

Analytic Hierarchy Process (AHP) 

Developed by Thomas L. Saaty in the 1970s, Analytic Hierarchy Process (AHP) 

is a widely used method for decision making in numerous fields, including 
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engineering, finance, transportation and environmental as well as economic land 

suitability assessment. AHP involves defining objectives, criteria, and 

alternatives, and then evaluating the relative importance of each criterion and 

alternative using pairwise comparisons (Saaty, T. L., 1980). This allows decision-

makers to incorporate trade-offs between criteria and alternatives. AHP provides 

a structured approach, flexibility, and the ability to incorporate subjective 

judgments, making it a suitable method for community garden site selection 

(Yang, Fang, & Lai, 2017). 

 

METHODOLOGY    

This study employed different methods to establish the criteria for community 

urban garden site selection, determine the most suitable location, and produce a 

land suitability map. The approaches used include i) descriptive analysis to 

establish criteria for urban garden site selection; ii) AHP to determine the most 

suitable area; and iii) spatial analysis to produce a land suitability map indicating 

suitable areas for urban gardening. AHP is a methodological approach which 

implies structuring criteria of multiple options into a system hierarchy 

(Omkarprasad S. Vaidya, 2006), including relative values of all criteria, 

comparing alternatives for each particular criterion, and defining the average 

importance of alternatives (Ivan Pogarčić, Miro Frančić, Vlatka Davidović, 

2008). The results of the study can be used to identify and assess appropriate land 

and suitable location for urban gardening, and policymakers can take necessary 

steps to ensure the sustainability of urban farming initiatives while planning for 

other development. 

 

Method of Data Collection 

This study utilises a set of collected data through open-source databases and 

related agencies such as the local authority and municipalities. The secondary 

data contains the current land use data for the District of Petaling, particularly 

Shah Alam, encompassing roads, industrial areas, commercial areas, residential 

areas, green areas, forests, water bodies, and infrastructure, as well as raster data 

containing slope and elevation information. 

 

Expert Interviews 

Structured and in-depth interviews were conducted with representatives from the 

local authority (Majlis Bandaraya Shah Alam) and a town planner with 

professional certification and more than ten years of experience in GIS 

application and spatial planning. Three (3) experts were interviewed to obtain 

exclusive insight regarding the validation and verification of the selected criteria 

for determining the site suitability for a community garden. A series of structured 

questions were presented and answers were recorded through scores and notes. 
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The questions were divided into two sections. The first section involved a scoring 

component where each expert was asked to provide scores ranging from 1 (Not 

Suitable) to 4 (Most Suitable) and rank the criteria used in selecting the 

community garden site (Table 1). The second section aimed to gather general 

insights from the experts regarding their views on the given criteria. The 

validation of criteria through expert opinions is influential as these experts 

possess a comprehensive understanding of the criteria selection process and its 

impact on site selection. 

 
Table 1: Criteria validation for community garden site selection 

No. Criteria Sub-Criteria Suitability Score 

1 Slope <15º Most Suitable 4 

16º - 25º Suitable 3 

26º - 35º Less Suitable 2 

>35º Not Suitable 1 

2 Elevation <150m Most Suitable 4 

150m – 300m Suitable 3 

300m – 1000m Less Suitable 2 

>1000m Not Suitable 1 

3 Land use Vacant Land Most Suitable 4 

Agriculture Suitable 3 

Open space and recreational Less Suitable 2 

Commercial, Housing, Industry, 

Public Facilities, Infrastructure and 

Utility 

Not Suitable  

1 

4. Distance from 

Settlement Area 

0m – 200m Most Suitable 4 

200m – 400m Suitable 3 

400m – 600m Less Suitable 2 

>600m Not Suitable 1 

5. Proximity to Road 

Accessibility 

0m – 50m Most Suitable 4 

50m – 200m Suitable 3 

200m – 400m Less Suitable 2 

>400m Not Suitable 1 

6. Proximity to Water 

Access 

0 – 150m Most Suitable 4 

150m – 450m Suitable 3 

450m – 600m Less Suitable 2 

>600m Not Suitable 1 

 

Pairwise Comparison Matrix and Normalize Matrix 

The pairwise comparison matrix was utilised to assess and compare each criterion 

and establish their relative significance (Kou, G., Ergu, D., Lin, C., & Chen, Y., 

2016). The tool empowers experts to rank the six (6) criteria, such as topography 

(elevation and slope), land-use factors, settlement area, road accessibility, and 

water access, and subsequently assign weightages to them based on their level of 

importance. A nine-point weighting scale ranging from 1 (least important 
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criterion) to 9 (most important criterion) was employed to determine their relative 

importance (Table 2). 

 
Table 2: Pairwise comparison matrix rating scale that has been ranked by the expertise. 

Criteria Water 

Access 

Road 

Accessibility 

Settlement 

Area 

Landuse Elevation Slope 

Water Access 1.000 3.000 5.000 7.000 9.000 9.000 

Road Accessibility 0.333 1.000 5.000 7.000 7.000 7.000 

Settlement Area 0.200 0.200 1.000 5.000 5.000 5.000 

Landuse 0.143 0.143 0.200 1.000 3.000 3.000 

Elevation 0.111 0.143 0.200 0.333 1.000 1.000 

Slope 0.111 0.143 0.200 0.333 1.000 1.000 

Total 1.898 4.629 11.600 20.666 26.000 26.000 

 

Following the pairwise comparison, the matrix plays a pivotal role in determining 

the weightage assigned to each criterion (Table 3). The resulting weightage is of 

utmost importance for conducting spatial analysis as it facilitates the examination 

of the criteria for site selection. 

 
Table 3: Calculation of normalized matrix 

Criteria Slope Elevation Land use Settlement 

Area 

Road 

Accessibility 

Water 

Access 

Total 

NM 

1 0.346 0.346 0.339 0.431 0.648 0.527 2.637 

2 0.269 0.269 0.339 0.431 0.216 0.175 1.700 

3 0.192 0.192 0.242 0.086 0.043 0.105 0.861 

4 0.115 0.115 0.048 0.017 0.031 0.075 0.403 

5 0.038 0.038 0.016 0.017 0.031 0.058 0.200 

6 0.038 0.038 0.016 0.017 0.031 0.058 0.200 

Total 1.000 1.000 1.000 1.000 1.000 1.000 6.000 

 

RESULT AND DISCUSSION 
Spatial Analysis for Evaluating Land Suitability of Community Gardens 

Subsequently, the six (6) criteria were incorporated into multiple layers of 

geographic data in preparation for spatial analysis using GIS. The application of 

spatial analysis in GIS-based MCDM is a powerful framework for examining 

spatial relationships, making predictions, and supporting decision-making (Yang, 

Fang, and Lai, 2017). 

 

Topography (Slope) 

Based on the analysis, it can be inferred that the most suitable area for the 

community garden is characterised by slopes below 15º. This particular area 

encompasses a total of 28,779.70 hectares, accounting for approximately 94.95% 

of the overall suitable land area (Figure 1). 
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Topography (Elevation) 

Elevation plays a crucial role in determining the suitability of land for a 

community garden as it directly affects the availability of sunlight, water, and 

other essential plant-growing resources. Land that is characterised by an elevation 

below 150 metres is classified as “Most Suitable” for a community garden due to 

its proximity to water sources and comparatively, flat terrain or lower elevations 

are typically preferred for community gardens. This “Most Suitable” land covers 

99.60% of the total analysed area, which amounts to 30,188.41 hectares. 

Additionally, land with an elevation ranging from 150 metres to 300 metres is 

deemed “Suitable” for a community garden, representing 0.40% of the total area 

or 122.31 hectares (Figure 2). 

 

    
 
 

 

Land Use 

Based on the data analysis, the “Vacant land” category is identified as the most 

suitable, covering 15.40% of the total analysed area, which is equivalent to 

4,669.26 hectares. On the other hand, land classified as “Commercial, Housing, 

Industry, Public Facilities, Infrastructure, and Utility” is deemed not suitable for 

a community garden, occupying 77.47% of the total area, which is equal to 

23,482.87 hectares. The analysis encompasses a total area of 30,310.72 hectares 

(Figure 3). 

 

Settlement Area 

The proximity to housing is used to determine the distance from the settlement 

area. The analysis reveals that areas situated within 0-200 metres from housing 

are classified as “Most Suitable” for settlement, encompassing 56.04% of the 

total analysed area, equivalent to 16,985.22 hectares. Areas located more than 

Figure 2: Elevation Figure 1: Slope 
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600 metres from housing are considered "Not Suitable" for settlement and cover 

17.01% of the total area, with a total of 5,155.80 hectares (Figure 4). 

 

   

 

Road Accessibility 

The evaluation of proximity to road accessibility is conducted by measuring the 

distance to the nearest road. According to the data analysis, areas situated within 

0-50 metres from a road are classified as “Most Suitable” for development, 

encompassing 61.52% of the total analysed area, equivalent to 18,617.53 

hectares. “Less Suitable” for development, accounting for 6.46% of the total area, 

or 1,958.25 hectares. Lastly, areas located more than 400 metres from a road are 

deemed “Not Suitable” for development, covering 7.03% of the total area, with a 

total of 2,130.38 hectares (Figure 5). 

 

Proximity To Water Access 

The evaluation of proximity to water access involves measuring the distance to 

the nearest natural water body, such as a river, due to data limitations regarding 

water mains, waterlines, and water sources near adjacent houses. Based on the 

data analysis, areas situated within 0-150 metres from a water source are 

classified as “Most Suitable” for development, encompassing 12.91% of the total 

analysed area, equivalent to 3,914.47 hectares. Conversely, areas located more 

than 600 metres from a water source are categorised as “Not Suitable” for 

development, covering 61.91% of the total area, with a total of 18,763.97 hectares 

(Figure 6). 

 

Figure 4: Settlement Area Figure 3: Land Use 
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Urban Community Garden Suitability Map 

The AHP analyses were utilised to calculate the weights of selected criteria, and 

the scores of subcriteria were assigned to map the suitability of land for an urban 

community garden. The land suitability for urban gardening was categorised into 

four classes: highly suitable, moderately suitable, marginally suitable, and not 

suitable. About 0.56% land of the reviewed area was classified as “Highly 

suitable” for urban gardening. The lands classified into this class have gentle to 

moderate slopes and are closed to water access and retention. However, 

approximately 60.88% of the area was classified as being lower or marginally 

suitable for urban and community gardening. An additional 13.50% of the area is 

categorised as not suitable for a community garden (Figure 7). 

 

Figure 6: Proximity to Water 

Access 
Figure 5: Road Accessibility 
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The study was conducted in the Petaling District in Shah Alam which 

is known to locate highly urbanised areas in the Selangor State. The land in this 

area is scarce and characterised by medium to dense development, featuring a 

variety of land uses. Due to these factors, the land is less conducive to urban 

community gardening activities, particularly in the city centre. The types of land 

uses present can significantly influence the suitability of an area for an urban 

garden. For instance, vacant lots, whether privately or publicly owned, offer 

excellent potential for establishing community gardens. These underutilised 

spaces can be transformed into thriving urban community gardens. 

 

CONCLUSION 

The study utilised a combination of AHP, descriptive analysis, and spatial 

analysis techniques to assess the suitability of land for an urban community 

garden and generate a site suitability map. As indicated, only a small percentage 

of the total area can be categorised as either very suitable or acceptable for a 

Figure 7: Urban Community Garden 

Suitability Map 
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community garden. The vast majority of the land, on the other hand, falls into the 

categories of either less suitable or not suitable for a community garden. This 

information holds valuable insights for decision-makers tasked with identifying 

an appropriate site for a community garden.  

By considering the criteria and attributes of land slope, elevation, land 

use, proximity to settlements, road accessibility, and water access in land 

suitability analysis, the selection of locations for the development and 

establishment of community gardens can be carried out more easily and 

systematically. In addition, this data can serve as a basis for future research and 

analysis to identify potential enhancement areas and evaluate the viability of 

alternative sites. 
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Abstract 

 
This study explores the correlation between the perceived importance of healthy city 

indicators and the satisfaction level towards the effectiveness of the government in 

creating a healthy city environment. Nineteen distinct healthy city indicators, categorised 

within 5 dimensions, were tested for their significance in relation to satisfaction levels 

towards the effectiveness of the local authority. The cross-sectional data collected from 

face-to-face questionnaire survey was analysed using Goodman and Kruskal's gamma, 

while controlling for socio-demographic variables (n=121). Significant indicators 

include; (i) improving accessibility to public spaces (β= .528, p= .004), recreational and 

commercial areas (β= .506, p= .001); (ii) increasing the availability of public transport 

(β= .398, p= .026) complemented by proper infrastructures and facilities (β= .305, p= 

.014), (iii) providing more variety of green spaces (β= .529, p= .004), and improving the 

continuity of green networks (β= .399, p= .015); (iv) introducing measures to improve 

the quality of housing, focusing on increasing occupants’ comfortability and healthy 

living (β= .474, p= .005); (v) facilitating better accessibility to business and commercial 

areas (β= .598, p= .000); (vi) improving street connectivity and increasing the number of 

intersections (β= .418, p= .002). Although this study only found a meaningful connection 

between the perceived importance of indicators and satisfaction levels towards the 

government without a comparative analysis against the current city condition, this does 

not negate the crucial role of subjective perceptions in the government’s efforts to manage 

public expectations. Studies of this nature provide opportunities for further exploration, 

particularly in involving public participation in the planning processes. 
 

Keywords: Healthy city, public participation, public perception, Urban 

governance, Local government 
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INTRODUCTION 
Numerous studies have shown strong indications that an individual’s health is 

influenced by factors beyond the personal sphere (Meng, et al., 2006), extending 

to a wider context which includes neighbourhoods, communities, and even 

national-level externalities. According to the World Health Organisation (2016), 

efforts to cultivate a healthy community necessitates attention not only to the 

health sector but also to investments in planning across social, physical, and 

environmental realms. Hence, the responsibility for achieving and sustaining a 

state of health transcends individual efforts, resting also upon the shoulders of 

policymakers and the government (Leh, et al., 2011).  

On this note, many governments have started to prioritise and 

incorporate the element of health into their long-term urban planning strategies. 

This global trend is evident in the deliberate integration of the features of ideal 

healthy cities into the respective master plans of concerned governments 

(Harpham, Burton & Blue, 2001; Barton & Grant, 2013). Such efforts are 

particularly crucial for countries undergoing rapid urbanisation, such as those in 

Southeast Asia. Given the dynamic shifts in urban morphology, it becomes 

paramount for decision-makers in these swiftly evolving cities to remain 

cognisant of developments and their implications on the well-being of its 

inhabitants. This vigilance serves to mitigate uncertainties within the society in 

question. However, there remains room for refinement in evaluating the efficacy 

of these features of healthy city features and in effectively monitoring the 

progress of these plans (De Leeuw, 2009), especially for Southeast Asian 

countries (De Leeuw & Simos, 2017). 

While most research focuses on assessing the positive impact of a city’s 

urban environment on the health of its inhabitants (Paquet, Cargo, Kestens & 

Daniel, 2010; De Leeuw, et al., 2015), there is a relative lack of studies dedicated 

to soliciting feedback from the target population. Gathering input from the public 

not only reinforces but also encourages active public participation in the planning 

and policy-making processes. Urban planning that values and incorporates public 

perspectives can substantially contribute to the creation of a more human-centric 

living environment. In line with the concept of public participation through 

advocacy planning forwarded by Davidoff in the 1960s, numerous contemporary 

studies have established a correlation between the satisfaction levels of the target 

population and the likelihood of success in government initiatives (Andrews, 

2018; Zyed et al., 2021).  

Building on this premise, Bryson (2018) advocates for strategic plans 

as a means to increase public trust and garner support, thereby ensuring the 

quality and effectiveness of government initiatives. This is further supported by 

McLean & Roblyer (2017), which asserts that public endorsement shapes policy 

effectiveness through individual subjective evaluations. The author contends that 
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the higher the perceived effectiveness, the greater the support the government 

will receive.  

Consequently, the first step in managing public expectations lies in an 

understanding of the perspectives and sentiments of the intended population.  

Integral to shaping an environment conducive to healthy living habits is the active 

integration of perspectives from the intended population by decision-makers. 

Friedman (1987) and Forester (1999), as cited in Corburn (2009), argued that 

public participation in the planning process and urban governance serves as a 

mediator of disagreements, thereby facilitating greater support for and success of 

the proposed plan. Consulting with the intended population prior to significant 

decision-making, whether through formal or informal methods, as advocated by 

Forester (1999) and reinforced by Corburn (2009), promotes consensual decision-

making among multiple stakeholders, ultimately leading to more rationalised 

outcomes (Hashim, 2021).  

Furthermore, in the absence of important questions such as “how 

receptive are the inhabitants towards the government’s initiatives in creating a 

healthy city?”, “do they think that the plans made by the government are 

important in achieving the ultimate goals?” as well as “how satisfied are they with 

the government’s initiatives?”, critical insights from the intended population are 

overlooked. Without this essential understanding, the government’s ability to 

formulate a rational and equitable plan is compromised. Recognising this evident 

gap, it becomes imperative to gather such data, with the ultimate goal of providing 

the government with a more nuanced comprehension of the subject at hand. 

The public’s perception of the importance of initiatives plays a crucial 

role in their subjective evaluation of the government’s effectiveness in planning 

towards a healthy city. As such, this study aims to explore the correlation between 

the perceived importance of healthy city indicators and their satisfaction levels 

towards the government’s effectiveness in creating a healthy city environment. 

In addition, this study also offers a unique opportunity to understand what 

constitutes a ‘healthy city’ as perceived by the public. Building on the insights of 

De Leeuw (2009), soliciting public opinions enables the government to create a 

healthy city with a more harmonised alignment between public expectations and 

the governmental aspirations. The feedback also helps the government to assess 

the extent of support or potential lack of participation in its initiatives.   

 

LITERATURE REVIEW 

A systematic literature review conducted by Rothenberg, et al. (2015) revealed 

that urban health indicators encompass a broad spectrum, including health status 

and healthcare infrastructure, environmental factors, geographical attributes, 

economic variables and socio-demographic characteristics. Diverse experts from 

various fields have also contributed a myriad of healthy city indicators, spanning 
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disciplines such as transportation planning (Mueller, et al., 2021), information 

systems (Van Oers & Reelick, 1992), public policy (Li, et al., 2020) and 

occupational health (Boarin, Besen & Haarhoff, 2018), among others. The 

European Healthy Cities Network of the World Health Organisation also 

introduced a 53-item healthy city indicator set, later refined to 32 items by 

Webster & Sanderson (2013). Drawing on extensive literature, this review 

identifies five dimensions that have consistently emerged as significant in 

shaping a conducive environment for healthy living in previous studies.  

Area density. Northridge & Sclar (2003), supported by Giles-Corti, 

Ryan & Foster (2012) stated that although continuous growth in population and 

density is an unavoidable consequence of rapid urbanisation, the creation of 

healthy living conditions remains achievable through insights from relevant field 

experts. The authors underscore the significance of vigilant monitoring and 

assessment of population and density patterns, deeming them crucial 

determinants of overall population health. As urban populations surge, the 

increase in accessibility to commercial areas assumes paramount importance in 

fostering a healthy living environment (Frank, et al., 2005; Powell, et al., 2007). 

In the recent global COVID-19 pandemic outbreak, studies have found that the 

population density is correlated to the severity of COVID-19 spread (Roy & 

Gosh, 2020; Han, et al., 2021; Teh, et al, 2022). 

Mobility and transport. A systematic literature review and meta-

analysis conducted by Jia et al. (2021) examined the relationship between street 

connectivity and physical activity among obese children, revealing a clear 

positive association between these variables. This correlation is also evident in 

the adult population (Frank, et al., 2005). Additionally, the availability of high-

quality active transport infrastructure, encompassing facilities for cycling and 

walking, demonstrated a beneficial impact on healthy living habits, particularly 

in encouraging increased levels of physical activity (Van Dyck, et al., 2011; 

Nijkamp & Mobach, 2020). A healthier living environment can also be fortified 

by well-developed public transportation infrastructures (Lowe, Boulange & 

Giles-Corti, 2014), particularly benefiting individuals with limited mobility 

options (Grant, 2018).  

Mixed-use and proximity. Healthy behaviours can be stimulated via 

the strategic provision of public facilities, recreational spaces and commercial 

areas in close proximity to both workplaces and residential areas (Gehl, 2011; 

Pozoukidou & Chatziyiannaki, 2021). Proximity facilitates easier access for 

individuals of varying physical abilities, promoting increased mobility and 

physical activity among residents. This closeness of destinations also creates 

diverse land-use mix encouraging not only more physical activity, but also 

increasing the likelihood of readily available healthy food options near 

workplaces and residences (Sallis & Glanz, 2009; Lowe, Boulange & Giles-Corti, 
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2014). Consequently, this proximity leads to an improved quality of dietary 

choices (Majid, Lim, Zaman & Ruslik, 2021).  

Environment and urban landscape. Numerous studies have provided 

evidence that improving green and blue coverage yields substantial benefits for 

an individual’s health, regardless of mental, physical or overall well-being 

(Pouso, et al., 2021; Markevych, et al., 2017). The equitable distribution of these 

qualities across locales and population, together with a robust network of green 

spaces (Moseley, Marzano, Chetcuti & Watts, 2013; Nieuwenhuijsen, 2021), 

provides opportunities for social interaction and communion with nature, thereby 

encouraging increased physical activity and active movement.  

Housing quality and energy efficiency. Good housing quality serves 

as a form of preventative medicine, effectively mitigating general health risks, 

enhancing climate resilience, and, in some cases, minimising carbon footprint. It 

is highly encouraged for governments to provide houses with better energy 

efficiency features, a proposition suggested by Visscher, Meijer, Majcen & Itard 

(2016), who assert that well-performing buildings can significantly influence 

occupational behaviours, consequently contributing to improved health status. 

Furthermore, houses with better quality have demonstrated positive effects on 

both net mortality and morbidity (Hamilton, et al., 2015), affording occupants 

better indoor air quality and temperature regulation, among other benefits. 

 

MATERIALS AND METHODS 

Study design 

This study intends to explore the correlation between the perceived importance 

of healthy city indicators and their satisfaction levels concerning the effectiveness 

of the government in cultivating a healthy city environment. The selected study 

site is the Federal Territory of Kuala Lumpur, serving as the capital city of 

Malaysia. This area falls under the administration of the Kuala Lumpur City Hall 

(DBKL), encompassing a total land area of 243 square kilometres. The city’s 

strategic vision, outlined in the Kuala Lumpur Structure Plan 2040, aspires to be 

a healthy and vibrant city by 2040. Therefore, in this study, DBKL, as the local 

governing body, is regarded as the representative entity signifying “the 

government”. 

As of 2022, the population of Kuala Lumpur stands at 1.9 million 

(Department of Statistics Malaysia, 2022). From this demographic, respondents 

were selected based on specific eligibility criteria; i) aged 18-years or older; ii) 

able-bodied Malaysians with a residency of more than five years within the 

administrative area of DBKL; and iii) either a house owner or renter. Employing 

a simple random sampling technique, respondents were further stratified by 

gender. Although the precise size of the targeted population based on the 

eligibility criteria is unknown, it is presumed to be substantial, likely exceeding 
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100,000 individuals. Hence, employing Yamane’s (1967) sampling size 

calculation, and considering a 90% confidence level for populations exceeding 

100,000, the minimum sample size required for this study is set at a minimum of 

100 respondents.  

Data collection took place over a three-month period, spanning from 

July 2022 to September 2022, via face-to-face questionnaire surveys. The 

questionnaire consisted of 3 sections: the first solicited demographic information 

from respondents (3 questions), the second focused on assessing the perceived 

importance of healthy city indicators (19 questions), and the third evaluated 

satisfaction levels regarding the government’s effectiveness in creating a healthy 

city environment (1 question). All collected data were recorded and subsequently 

analysed using the IBM Statistical Package for Social Sciences (SPSS) version 

22.0.  

 

Independent variables: Healthy city indicators 

Nineteen indicators categorised under five healthy city dimensions were included 

in the study (refer Table 2). The respondents were asked to rate their perceived 

importance of those indicators in shaping a healthy city through a 4-point Likert 

scale (1: Extremely not important, 2: Not important, 3: Important, and 4: 

Extremely important).  

 

1. Area density (2 items): Increase in the number of populations, residential 

units, business activities and commercial spaces in an area. 

2. Mobility and transport (6 items): Increase in street connectivity and number 

of intersections. Improve accessibility to public spaces, cycling connectivity, 

pedestrian networks and infrastructures, availability and efficiency of public 

transport services as well as reducing the speed of, and volume of traffic. 

3. Mixed-use and proximity (4 items): Provide public facilities, recreational and 

commercial areas that are in close proximity to workplace and residential 

areas. Integrate public facilities and institutions through mixed development 

as well as improve the food environment. 

4. Environment and urban landscape (5 items): Improve and increase green 

coverage, blue spaces as well as green networks. 

5. Housing Quality and Energy Efficiency (2 items): Measures to improve the 

quality and energy efficiency of housing. 

 

Dependent variable: Satisfaction Level Towards the Government 

As previously mentioned, the Kuala Lumpur City Hall (DBKL), as the local 

governing body, serves as the representative embodiment of “the government” in 

this study. As such, respondents were asked about their overall satisfaction level 

towards the current efforts undertaken by their local authority to integrate healthy 
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city features into their place of residence. They were to provide a response using 

a 4-point Likert scale, ranging from 1: Extremely not satisfied, 2: Not satisfied, 

3: Satisfied to 4: Extremely satisfied. This deliberate reduction in the scale was 

implemented to force subjects to formulate distinct opinions and offer specific 

responses, steering clear of the potentially ambivalent “neutral” middle category. 

 

Controlled variables: Socio-demography 

The socio-demographic details collected from the respondents were their gender 

(1: Male, 2: Female), age (1: 18 to 29 years old, 2: 30 to 49 years old, 3: 50 to 69 

years old, and 4: 70 years old and above), ethnicity (1: Malay, 2: Chinese, 3: 

Indian, and 4: Others) and education level (1: Without tertiary education, and 2: 

With tertiary education). The categorisation for monthly household income 

follows the three income level classifications based on the Household Income and 

Basic Amenities survey 2019 by the Department of Statistics Malaysia (DOSM) 

(1: less than RM4,850, 2: RM4,851 – RM10,960, and 3: more than RM10,961). 

 

Content validity 

Given Malaysia’s diverse cultural landscape, a content validity was conducted to 

ensure cross-cultural appropriateness in the language and terminology employed 

in the questionnaire. The survey questions underwent initial scrutiny and 

deliberation by two experts in the fields of urban and regional planning to assess 

its suitability for use among Malaysian residents. Both experts were contacted 

beforehand and apprised of the study’s objectives. The experts were tasked with 

providing open-ended feedback on the instrument, evaluating its importance, 

language used and ease of comprehension. The feedback provided was collated, 

and both experts concurred that the questionnaire is indeed suitable for use within 

the Malaysian context.  

Subsequently, linguistic equivalence was ensured by adhering to the 

instrument translation process as introduced by the World Health Organisation. 

First, a forward translation was conducted by a Malay-English bilingual translator 

well-versed in the survey’s concept and terminology. This was then reviewed by 

the same experts mentioned earlier to address any deficiencies in word choice 

and suggest alternative expressions. Following this, a back-translation was 

carried out by an independent translator with no prior knowledge of the survey’s 

objectives. As a result, a bilingual questionnaire offering respondents the choice 

between English and Malay languages was produced. 

 

Data Analysis 

Data Screening 

All statistical analyses were conducted using the Statistical Package for Social 

Sciences version 19.0. Data screening revealed no instances of missing data 
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among the respondents (n=121). During the assessment of unengaged responses, 

it was observed that all items exhibited a standard deviation value of higher than 

0.3, indicating a commendable level of respondent engagement. Outliers were 

checked for all items using the Mahalanobis Distance Stem-and-Leaf Plot. 

Although eight cases were initially flagged as outliers, none of the cases could be 

definitively classified as atypical. Hence, all 121 cases were retained for 

subsequent analysis.  

 

Monotonic Relationship/ Linearity 

Evidence of monotonic relationship between the indicators of the five healthy 

city dimensions and the satisfaction level towards the local authority was asserted 

by using the Scatterplot. 

 

Correlation 

As the variables were measured on an ordinal scale and and demonstrated a 

monotonic relationship, the study employed a non-parametric measure, Goodman 

and Kruskal's gamma, to examine the correlation between the perceived 

importance of healthy city indicators and their satisfaction levels towards the 

government’s effectiveness in establishing a healthy city environment. This 

analysis controlled for socio-demographic factors. The significance threshold 

was set at p <.05 with a 95% confidence interval level, and an acceptable strength 

of relationship was defined as at least a moderate beta-value of β >.04. 

 

RESULTS  

Socio-demographic characteristics and satisfaction level towards the 

effectiveness of the government in creating a healthy city environment 

A total of 121 eligible respondents participated in the questionnaire survey 

(Table 1). Among them, half fell within the 18 to 29 years age group (50%), with 

a slight majority being male (54%) and identifying as Malay ethnicity (56%). A 

significant portion held tertiary education qualifications (73%), and most reported 

a monthly household income of less than RM4,850 (65%). In terms of satisfaction 

levels, the majority expressed dissatisfaction, with 55% not satisfied and 7% 

extremely unsatisfied with the current efforts of the local authority in creating a 

healthy living environment. This totalled to 62% of respondents registering 

dissatisfaction. However, the remaining respondents (34%) reported satisfaction 

and 4% expressed extreme satisfaction with the ongoing efforts of the local 

authority, denoting a combined positive response rate of 38%. 
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Perceived importance of healthy city indicators and their satisfaction levels 

towards the effectiveness of the government in creating a healthy city 

environment 

The correlation between the perceived importance of healthy city indicators and 

satisfaction levels towards the government’s effectiveness in creating a healthy 

city environment was assessed using Goodman and Kruskal's gamma, with 

control for socio-demographic variables (Table 2). Both indicators within the 

area density dimension exhibited significant correlations with satisfaction levels 

regarding government effectiveness. Most respondents perceived that the 

increase in population and residential density (β= .644, p= .000) of an area was 

not deemed important (36%) in creating a healthy living environment. However, 

a significant proportion regarded increasing accessible business and commercial 

density (β= .598, p= .000) as an important determinant (46%).  

Within the dimension of mobility and transport, only three indicators 

demonstrated significance. Half of the respondents felt that the increase in street 

connectivity and the number of intersections in an area (β= .418, p= .002) is an 

important (50%) contributor to a healthy living environment. A large majority 

considered it extremely important (75%) for the government to improve 

accessibility to public spaces (β= .528, p= .004). Similarly, a substantial 

proportion found increasing the availability of public transport (β= .398, p= .026) 

was deemed extremely important (72%).  

 
Table 1: Socio-demographic characteristics and satisfaction level towards local 

authority of respondents (n= 121) and proportion of distribution by gender 
 Overall, 

100% 

Proportion Distribution, 100% 

Gender 

  Male (54%) Female (46%) 

Age, % 

  18 - 29 years old 

  30 - 49 years old 

  50 - 69 years old 

  ≥70 years old 

 

50 

22 

22 

6 

 

64 

21 

8 

7 

 

34 

23 

39 

4 

Race, % 

  Malay 

  Chinese 

  Indian 

  Others 

 

56 

35 

7 

2 

 

58 

34 

5 

3 

 

54 

38 

9 

- 

Education level, % 

  Without tertiary education 

  With tertiary education 

 

27 

73 

 

29 

71 

 

25 

75 

Monthly household income, % 

  ≤ RM4,850 

  RM4,851 – RM10,960 

  ≥ RM10,961 

 

65 

27 

8 

 

65 

32 

3 

 

66 

21 

13 
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 Overall, 

100% 

Proportion Distribution, 100% 

Gender 

Satisfaction level towards local 

authority, % 

  Extremely not satisfied 

  Not satisfied 

  Satisfied 

  Extremely satisfied 

 

 

7 

55 

34 

4 

 

 

5 

48 

43 

5 

 

 

11 

12 

70 

7 

 

While a majority of respondents expressed a belief in the importance of 

increasing cyclability and cycling infrastructure (61%, β= .024, p= .875), 

enhancing walkability and pedestrian infrastructure (60%, β= .282, p= .088) and 

reducing traffic speed and/or volume (60%, β= -.016, p= .917) for creating a 

healthy living environment, none of these indicators were found to have 

significance influence on satisfaction levels towards the government.  

Two significant indicators within the dimension of mixed-use and 

proximity were found to influence respondents’ satisfaction levels towards the 

government. A significant majority of respondents emphasised the extreme 

importance of the local authority providing public facilities, recreational and 

commercial areas in close proximity to residential areas (60%, β= .506, p= .001), 

as well as providing public transport infrastructures and facilities that are 

connected to their workplaces and residences (64%, β= .305, p= .014). While the 

integration of public facilities and institutions with commercial spaces and 

residences was perceived as extremely important (52%, β= .227, p= .162), and 

improving the food environment was deemed important (44%, β= .113, p= .434), 

both were not found to be significant factors affecting satisfaction levels towards 

the government’s efforts in creating a healthy city.  

While all five indicators within the environment and urban landscape 

dimension were deemed extremely important by the respondents for creating a 

healthy city, only two indicators were found to be significantly associated with 

satisfaction levels towards the government, i.e., most respondents emphasised the 

significance of providing a diverse range of green areas (68%, β= .529, p= .004) 

and improving the continuity of green networks within their living environment 

(61%, β= .399, p= .015) was extremely important in shaping a healthier city 

environment. On the contrary, improving and increasing green coverage and 

visibility (70%, β= .242, p= .190), improving and increasing the proximity and 

visibility of blue spaces (63%, β= -.180, p= .251), as well as improving the urban 

landscape and amenities in public open spaces (53%, β= -.077, p= .634) were not 

deemed significant factors influencing satisfaction levels.  

In the dimension of housing quality and efficiency, the majority of 

respondents emphasised that measures to improve quality of housing for 

comfortability and healthy living (69%, β= .474, p= .005), as well as measures to 



Noor Hashimah Hashim Lim, Liyana Hasnan, Nurdiyana Zainal Abidin, Md. Shahariar Chowdhury, & Nurul 

Azlia Shazreen Abdul Jalil Linda Shafarina Hassan,  

Exploring The Relationship Between the Perceived Importance of Healthy City Indicators and Satisfaction 

Levels Towards the Local Government in Shaping a Healthy City 

 

© 2023 by MIP 424 

improve the energy efficiency of housing (54%, β= .028, p= .865) were extremely 

important features of a healthy city. However, only the former was found to be 

significantly correlated with respondents’ satisfaction levels towards the 

government, while the latter did not exhibit a significant correlation. 

 

DISCUSSION 

The core premise of this study asserts that an individual’s perception of the 

importance of a healthy city indicator, when aligned with its presence in their 

current place of residence, influences their satisfaction level towards the 

government’s efforts to shaping a healthy city, and vice versa. Through this 

understanding, the correlation between the public’s perceived importance of 

healthy city indicators and their satisfaction levels towards the government’s 

effectiveness in creating a healthy city environment was explored, focussing on 

the context of a local authority in the capital city of Malaysia. Nineteen indicators 

categorised under five dimensions were assessed; area density (2 items), mobility 

and transport (6 items), mixed use and proximity (4 items), environment and 

urban landscape (5 items), and housing quality and energy efficiency (2 items). 

Among these 19 healthy city indicators, 10 were identified as significant factors 

affecting satisfaction levels towards the local authority’s efforts in shaping a 

healthy city. 

There are seven indicators marked as ‘extremely important’ that 

significantly influence satisfaction levels towards the local authority’s efforts in 

shaping a healthy city. It is highly recommended for the local authority to 

prioritise these indicators in future healthy city planning, as doing so will likely 

increase public satisfaction with the provided services. These essential factors 

include (i) improving accessibility to public spaces, especially public facilities, 

recreational and commercial areas, from residential areas; (ii) increasing the 

availability of public transport , complemented by adequate infrastructure and 

facilities that are connected to workplaces and residential areas; (iii) providing 

more variety of green spaces and improving the continuity of green networks 

within an area; and (iv) implementing measures to improve the quality of 

housing, focusing on increasing occupant comfortability and healthy living.  

Two indicators deemed as ‘important’ contributors to a healthy city 

include (v) improved accessibility to business and commercial areas, as well as 

planning for (vi) better street connectivity and increasing the number of 

intersections. This is in tandem with a myriad of studies emphasising the 

correlation between healthy behaviours to close proximity and convenient access 

to commercial activities from residential areas, as well as the availability of 

sufficient parking lots in those commercial areas. Given the statistical 

significance of these two indicators in influencing satisfaction levels towards 
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healthy city planning efforts, it is recommended for the local authority to give 

due consideration to these aspects in the planning for future healthy cities. 

The respondents viewed increasing population and residential density 

as less important indicators of a healthy city. This perspective is entirely 

understandable from a layperson’s point of view, as discussions surrounding a 

healthy living environment typically do not immediately evoke thoughts of 

population nor density. Most do not realise that residing in the capital city of a 

developing country inherently entails a trajectory of rapid urbanisation, resulting 

in a growing pattern of population and residential density. Consequently, city 

residents will have to coexist and share residences, commercial areas, public 

facilities and amenities with a larger population; potentially affecting public 

health. Additionally, in light of the recent Covid-19 pandemic, there has been a 

heightened emphasis on avoiding overcrowded areas and adhering to social 

distancing measures as crucial elements in maintaining public health.  
 

Table 2: Distribution of the respondents’ perceived importance of healthy city 

indicators on a 4-point Likert scale (n= 121) 

Healthy city indicators 

Perceived importance of healthy city indicators 

Correlation to 

satisfaction 

level towards 

local authority 

Extremely 

not 

important, 

% 

Not 

important, 

% 

Important, 

% 

Extremely 

important, 

% 

β-value 

(p-value) 

Dimension 1: Area Density, % 

Increase in population and residential density 

Increase accessible business and commercial 

density 

 

15 

14 

 

36 

19 

 

31 

46 

 

18 

21 

 

.644** (.000) 

.598** (.000) 

Dimension 2: Mobility and Transport, % 

Increase street connectivity and number of 

intersections 

Improve accessibility to public spaces 

Increase cyclability and cycling 

infrastructure 

Increase walkability and pedestrian 

infrastructure 

Increase availability of public transport 

Reduce the speed and/or volume of traffic 

 

10 

 

5 

- 

5 

 

5 

2 

 

11 

 

- 

7 

- 

 

- 

4 

 

50 

 

20 

32 

35 

 

23 

34 

 

29 

 

75 

61 

60 

 

72 

60 

 

.418** (.002) 

 

.528** (.004) 

.024 (.875) 

.282 (.088) 

 

.398* (.026) 

-.016 (.917) 

Dimension 3: Mixed-use and Proximity, % 

Provide public facilities, recreational and 

commercial areas close to residential area 

Provide public transport infrastructures and 

facilities that are connected to workplace 

and residence 

 

3 

 

5 

 

 

4 

 

- 

 

- 

 

 

1 

 

36 

 

31 

 

 

43 

 

60 

 

64 

 

 

52 

 

.506** (.001) 

 

.305** (.014) 

 

 

.227 (.162) 
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Healthy city indicators 

Perceived importance of healthy city indicators 

Correlation to 

satisfaction 

level towards 

local authority 

Extremely 

not 

important, 

% 

Not 

important, 

% 

Important, 

% 

Extremely 

important, 

% 

β-value 

(p-value) 

Integrate public facilities and institutions 

with commercial spaces and residence 

Improve food environment  

 

2 

 

12 

 

44 

 

42 

 

.113 (.434) 

Dimension 4: Environment and Urban 

Landscape, % 

Improve and increase green coverage and 

visibility 

Provide varied types of green areas 

Improve and increase proximity and 

visibility of blue spaces 

Improve continuity of green networks 

Improve the urban landscape and amenities 

in public open spaces 

 

 

3 

 

5 

- 

 

3 

- 

 

 

1 

 

1 

7 

 

1 

3 

 

 

26 

 

26 

31 

 

35 

44 

 

 

70 

 

68 

63 

 

61 

53 

 

 

.242 (.190) 

 

.529** (.004) 

-.180 (.251) 

 

.399** (.015) 

-.077 (.634) 

Dimension 5: Housing Quality and Efficiency, 

% 

Measures to improve quality of housing for 

comfortability and healthy living 

Measures to improve the energy efficiency of 

housing 

 

 

4 

 

5 

 

 

- 

 

- 

 

 

27 

 

41 

 

 

69 

 

54 

 

 

.474** (.005) 

 

.028 (.865) 

*p < 0.05, **p < 0.01 

 

Given that this indicator significantly influences satisfaction levels 

towards the local authority, it is recommended for the government to increase 

public awareness regarding the importance of acknowledging that health extends 

beyond individual efforts to encompass population-level health approaches. This 

perspective, as supported by the United Nations and penned by Wilmoth, 

Menozzi & Bassarsky (2022) as well as Curry (2005), approaching health from a 

population perspective helps a country to understand that higher population and 

residential density amplifies its harmful impacts on health. Consequently, 

addressing this issue should be prioritised not only by local authorities, but also 

by the federal government. 

There are seven ‘extremely important’ indicators that are significant in 

influencing satisfaction level towards the local authority’s efforts in shaping a 

healthy city. From the output, it is highly recommended for the local authority to 

emphasize these indicators into future healthy city planning of the area in order 

to increase the public’s satisfaction level towards the public services. It includes 

(i) improving accessibility to public spaces, especially public facilities, 

recreational and commercial areas, from residential areas; (ii) increasing the 
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availability of public transport supported by proper infrastructures and facilities 

that are connected to workplace and residential areas; (iii) providing more variety 

of green spaces as well as improving the continuity of green networks within an 

area; and (iv) introduce measures  to improve the quality of housing, focusing on 

increasing occupant’s comfortability and healthy living.  

Two indicators thought to be ‘important’ contributors to a healthy city 

includes (v) a higher accessibility to business and commercial areas, as well as 

planning for (vi) a better street connectivity and increasing the number of 

intersections. This is in tandem with the results of a myriad of studies linking 

healthy behaviours to close proximity and having good accessibility to 

commercial activities from residential areas as well as having sufficient parking 

lots in those commercial areas. As these two indicators are statistically significant 

in influencing satisfaction level towards efforts in healthy city planning, it is 

recommended for the local authority to also pay attention to these two aspects 

when planning for future healthy cities. 

Increasing population and residential density were thought to be an 

unimportant indicator of a healthy city by the respondents. This result is fully 

understandable from a laymen’s point of view, as when talking about healthy 

living environment, the first thing that comes to mind is almost always not 

population nor density. Most do not realise that, living in the capital city of a 

developing country, means that rapid urbanisation will bring about a growing 

pattern of population and residential density. As a consequence of that, city 

residence will have to live and share residences, commerce, public facilities and 

amenities with a lot more people; thereby affecting public health. Additionally, 

with the advent of the recent Covid-19 pandemic, avoiding overcrowded areas 

and observing social distance have been encouraged as measures to maintaining 

public health.  

Because this is a significant indicator that influences satisfaction level 

towards the local authority, it is recommended for the government to increase 

public awareness on the importance of acknowledging that health status extends 

beyond individual-level efforts. On a larger scale, it needs population-level health 

approaches as well. As supported by the United Nations, penned by Wilmoth, 

Menozzi & Bassarsky (2022) as well as Curry (2005), approaching health from a 

population perspective helps a country to understanding that higher population 

and residential density magnifies its harmful impacts towards health. And that 

this should be a priority for the local authority, right to the federal government to 

address.  

 

CONCLUSION 

The findings of this study illuminate how the perceived importance of specific 

aspects can influence satisfaction levels towards government efforts. While it is 
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worth noting that this study establishes a meaningful connection between the 

perceived importance of indicators and satisfaction levels towards the 

government without directly comparing the dataset with the current city 

condition, it still underscores the pivotal role of subjective perceptions in the 

government’s efforts in managing public expectations. Studies such as this 

provide valuable opportunities for further exploration in integrating public 

participation into the planning processes, particularly in the pursuit of shaping a 

healthy city. 
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Abstract 

 

In recent years, Nanchang City has focused on urban renewal, including the 

transformation of old residential areas. The spatial layout of various public 

service facilities in the city has also undergone significant changes. To improve 

the public service facility system, it is essential to analyse the spatial layout of 

various service facilities in the old city area. The Geographic Information System 

(GIS) technology combined with Point of Interest (POI) data was to analyse the 

spatial distribution characteristics, thereby drawing the following conclusions: 

Nanchang’s old urban area has less public service facilities in the edge area, and 

the spatial layout presents an imbalanced trend of “central aggregation - edge 

dispersion.” The density of various facilities around the subway is good, 

educational, and cultural facilities is highly correlated with other types of 

facilities. However, medical facilities and other infrastructure are in a state of 

obvious differentiation, especially in the edge areas. The above analysis proposed 

for relevant strategies and recommendations, thus providing a basis for future 

scientific arrangement of urban facilities. 
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INTRODUCTION  
According to the 2022 “14th Five-Year Plan for Public Service” in China, it is 

indicated that the National Development and Reform Commission and several 

other related departments clarified the goals, tasks, paths, and measures for the 

development of public service systems for the new era. Urban public service 

facilities are the basic guarantee for citizens’ daily lives, covering various 

purposes of facilities such as education, culture, medical, fitness, transportation, 

and commercial services. Scientific, rational planning and arrangement of urban 

public service facilities contribute to the improvement and perfection of the 

public service system, as well as promote high-quality developments of urban 

facilities, further enhancing the sense of gain, happiness, and security of the 

people. To improve the layout defects of facilities in Nanchang and to compare it 

with an international renowned city, as well as to learn from its urban 

construction, this research undertakes a comparative study by investigating the 

spatial distribution characteristics of public service facilities in Hong Kong. 
 

RESEARCH BACKGROUND  
Research on Urban Public Service Facilities Based on Data Analysis 

Cheng Shunqi et al. (2016) have shown that research on urban public service 

facilities began in the 1950s when international scholars focused on the location 

selection of residential public service facilities using modern location theory with 

more emphasis on pursuing social benefits. In recent years, data analysis has been 

increasingly applied in the analysis of urban public service facilities. In the study 

of public facilities in urban communities, Osumanu I. K. (2013) conducted an 

analytical study to assess the accessibility and utilisation of public toilet facilities 

in Wa, Ghana, which showed that there is a deficiency in the spatial distribution 

of public toilets in the city, as these facilities are concentrated only in the central 

areas of the town. In addition, the study revealed that such public facilities should 

not be resource-intensive but should consider urban sanitation needs. Ballester, 

Nicholas et al. (2014) used actual shopping data to explore whether the layout of 

urban retail commercial facilities is influenced by traffic density and travel 

distance which showed that sectors with a high proportion of purchases do not 

necessarily need to be in locations with a high concentration of foot traffic. Retail 

layout can also be profit-driven and not just dependent on walking distance. Rim 

Meziani et al. (2017) investigated the link between the spatial layout and 

configuration of urban shopping centres and pedestrian movement behaviour in 

Abu Dhabi city, UAE by using structural equation modelling (SEM) techniques. 

The study led to the conclusion that the popularity of shopping centres is 

positively related to both satisfaction with way finding and the location of mall 

facilities. Kiyashko G. A. (2017) described that the application of GIS technology 

in urban planning, including various methods of using vector data and raster data 
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which are useful in solving applicability tasks for better decision-making, 

especially for detailed planning of urban public facilities in developing areas. 

Yang (2017) used index models and spatial auto-correlation analysis to find 

significant differences in the spatial distribution of urban public service facilities 

in Guangzhou. Ge P. et al. (2019) extracted outflow, inflow, net flow, and net 

flow ratio features from big data of human activities in terms of urban land use 

and urban planning to improve the accuracy and utilisation of urban spatial 

distribution. Chen and Li (2022) selected Dongying District as an example to 

explore the configuration level and compliance rate of public facilities within the 

“15-minute life circle.” 

 
Research on POI Data 

Point of Interest is abbreviated as POI; in geographic information systems, it 

refers to any meaningful point on a map that is not geographically significant. A 

POI can be a house, a store, a mailbox, a bus stop, shops, bars, gas stations, 

hospitals, stations, and others (Haofei Long, 2018). Wang and Shijun (2012) 

reported that the spatial agglomeration and location characteristics of commercial 

facilities in Changchun can be explained based on the POI data analysed. Liu K, 

Qiu P, et al. (2020) proposed a new framework for extracting and understanding 

subway stations as cognitive areas in urban public service facilities based on POI, 

Investigating urban subway stations as spatial cognitive places in cities, based on 

Geographic Information System (GIS) technology, 166 subway stations and more 

than 1 million POI data sources in Shenzhen, China, were studied to analyse the 

spatial location characteristics of urban subway stations and provide a human-

centred perspective for the construction of urban public facilities. Currently, big 

data is prevalent, and GIS technology is widely used in urban spatial layout 

planning, and GIS provides new ways for spatial analysis and editing of urban 

data, as well as data management. Jang（2020）conducted a global comparative 

study on urban compactness using night-time lights data and POI (Points of 

Interest) big data. Various open-source datasets were utilised, including OSM’s 

(Open Street Map), NTL (Night-time Lights), and POI data to identify the 

boundaries and cores of individual metropolitan areas, estimate net density, and 

measure the network distance (i.e., proximity to the nearest core). The findings 

suggest that densely populated cities in developed countries appear to have better 

proximity, while cities in developing countries exhibit the opposite trend. 

However, at the current stage of urban renewal and transformation, 

there is relatively less research on the spatial distribution of public facilities in 

old urban areas. Therefore, taking Nanchang’s old city as an example, based on 

POI data and using GS-related technology, this study analyses the current status 

of the spatial distribution of public service facilities in Nanchang’s old city, 

clarifies the existing problems, provides a scientific reference for the future 
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transformation and development of urban areas, as well as optimises the spatial 

distribution pattern of public service facilities in the old city. 

 

Research Object 

Nanchang City is an important provincial capital city in the middle and lower 

reaches of the Yangtze River, located in the northern part of Jiangxi Province. It 

is a famous historical and cultural city, with a total area of approximately 7,195 

square kilometres. This study selects the old city of Nanchang (Figure 1) as the 

research area, which is mainly composed of the intersecting regions of Xihu 

District, Donghu District, Qingshanhu District, and Qingyunpu District. The 

area’s boundaries extend from the Ganjiang River in the west, along River 

Avenue, to Hongcheng Road in the south, Hero Bridge in the north, and Hongdu 

Avenue in the east. According to the urban master plan data released by the urban 

planning management department of Nanchang City, it is evident that there have 

been significant changes in the spatial layout of various urban public service 

facilities in Nanchang City. These changes can be attributed to the continuous 

adjustments made to the city’s administrative boundaries, as well as the rapid 

economic development witnessed in the past two decades. These transformations 

have had a profound impact on the distribution and arrangement of urban public 

service facilities, reflecting the dynamic nature of urban development in 

Nanchang City. 

 

 
Figure 1: Map of the old city area of Nanchang 

Source: Chinese Google Earth (2022)  
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Data Sources 

The basic data for this study come from the open-source POI network data of 

public service facilities in the old city of Nanchang on Baidu Maps, where each 

POI data point corresponds to information such as the location and attribute 

category of the point of interest. According to the requirements of the “Urban 

Land Classification and Planning Construction Land Standards” the obtained data 

are organised into six major categories: commercial service facilities, 

administrative management facilities, medical and health facilities, financial 

service facilities, community public facilities, and educational and cultural 

facilities, as detailed in Table 1 (Wang Kai, 2012). A total of 20,392 points of 

interest were counted in the old city area, including 9,547 in Xihu District, 9,903 

in Donghu District, 887 in Qingshanhu District, and 55 in Qingyunpu District, as 

shown in Table 2. 

In ArcGIS software, the obtained POI data are visually analysed, using 

the WGS1984 coordinate system uniformly. The coordinate system of point 

attributes is made consistent with the map coordinates of the old city area of 

Nanchang, and the distribution maps of different categories of facility POI data 

are drawn (Figure 2). 

 
Table 1: Classification of Public Service Facilities  

No Category Classification 

1 Medical and Health Facilities 
Hospitals, clinics, pharmacies, 

health centres, etc. 

2 Educational and Cultural Facilities 

Research institutions, schools, 

educational training, cultural 

centres, etc. 

3 Commercial Service Facilities 

Malls, convenience stores, 

wholesale markets, home appliance 

markets, etc. 

4 Administrative Management Facilities 

Government agencies, 

administrative departments, social 

organisations, etc. 

5 Community Public Facilities Newspaper halls, public toilets, etc. 

6 Financial Service Facilities 
Securities exchanges, financial 

insurance, major banks, etc. 
Source: Author  
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Table 2: Distribution of Public Facilities POI in the Old City of Nanchang 

Place 

Medical 

& Health 

Facilities 

Educational 

& Cultural 

Facilities 

Commercial 

Service 

Facilities 

Administr

ative 

Manageme

nt 

Facilities 

Community 

Public 

Facilities 

Financial 

Service 

Facilities 

Total 

Xihu District 536 602 7030 956 134 289 9547 

Donghu 

District 
724 811 6804 1125 156 283 9903 

Qingshanhu 

District 
49 89 621 93 12 25 887 

Qingyunpu 

District 
2 3 48 1 0 1 55 

Total 1311 1503 14503 2175 302 598 20392 
Source: Author 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

Figure 2: Map of the old city area of Nanchang: (a) Medical and Health Facilities; 

(b) Educational and Cultural Facilities ;(c) Commercial Service Facilities; (d) 

Administrative Management Facilities; (e) Community Public Facilities; and (f) 

Financial Service Facilities 
Source: Author 
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Research Methods 

In the field of spatial analysis, “Average Nearest Neighbour” denotes the mean 

of the minimal inter-point distances within a given dataset. The methodology 

underlying this metric involves assessing spatial structure by juxtaposing the 

computed mean distance among proximate neighbour pairs against the 

corresponding mean distance as exhibited within a theoretical randomly 

distributed pattern. This comparative analysis facilitates an understanding of the 

real-world spatial distribution, as it allows for discerning whether the 

configuration of points is dispersed, clustered, or essentially random in nature. 

Kernel Density Estimation (KDE) constitutes an analytical tool 

designed to scrutinise the spatial agglomeration of objects of interest. By applying 

a smoothing process to point-based data, KDE computes the density of pertinent 

attributes within their immediate vicinities. This technique is particularly 

instrumental when employed to dissect the density of amenities within a specified 

geographical area, thereby providing insightful perspectives on spatial patterns 

and distributions. 

 
Average Nearest Neighbour Analysis Method 

The nearest neighbour analysis represents the random distribution characteristics 

of features within a region (Yunlong, 2012). The aggregation characteristics of 

public service facilities in the old city area of Nanchang can be obtained through 

the average distance ratio of the average nearest neighbour method. By 

calculating the centroid distance between each element and its nearest neighbour 

element, the spatial pattern can be determined, and the P-value can be obtained. 

Comparing the Z-score with the critical value can determine the probability of 

random distribution, thereby judging the characteristics of the aggregation and 

dispersion of public facilities. The calculation formula is as follows: 

 

                           
A

N
D

O
2

1
=    (1) 

 

In the formula, Do represents the average distance of point features 

under random distribution, N is the number of selected features within the range, 

and A represents the area of the research region. 

 
Kernel Density Analysis Method 

Kernel density analysis is used to reflect the relative concentration of features in 

spatial distribution (Jiang Shiguo, 2009). The kernel density analysis calculates 

the density expansion value of facility points of interest in their surrounding 

neighbourhoods. The closer the distance between the elements, the higher the 
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degree of mutual correlation, and the closer to the core element, the greater the 

density expansion value. The calculation formula is as follows: 

 

                           2
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   (2) 

 

Fi represents the kernel density of the i-Th facility point in the research 

area, R is the bandwidth of the selected regular area, and the K function is the 

spatial weight function; Dij is the distance between facility point i and research 

object j (Dij < R, when Dij reaches a certain value, R = 0); n is the number of 

research objects j within the bandwidth R range. 

 

RESULTS AND ANALYSIS 
Spatial Agglomeration and Dispersion Characteristics of Public Service 

Facilities in Nanchang Old City Area 

The POI data of various types is imported into ArcGIS to calculate the average 

nearest neighbour ratio parameter results for various types of public service 

facilities in Nanchang City. The agglomeration and dispersion pattern 

characteristics of urban public service facilities can be determined through the 

relevant results data. By importing the POI (Point of Interest) data of various 

facilities into ARCGIS for analysis, relevant index values of Average Nearest 

Neighbour zare obtained (Table 3). Based on the distribution characteristics of 

Average Nearest Neighbour, feature values can be categorised into three forms: 

Clustered, Random, and Dispersed. By comparing the data values from this study 

with the standard values (Figure 3), it can be concluded that the nearest neighbour 

ratios of these six types of public service facilities are all less than 1, and the p 

values are all 0, indicating that various service facilities are agglomerated in 

Nanchang City. The z scores are all less than the critical value of –2.58, indicating 

that the random distribution probability of various facilities is less than 1% and 

the degree of agglomeration of financial service facilities is much higher than that 

of other service facilities. According to the inverse relationship between the size 

of the nearest neighbour ratio and the degree of agglomeration, the smaller the 

ratio value, the greater the degree of aggregation. Comparing the nearest-

neighbour ratios of the six types of public service facilities in Table 3, the degrees 

of agglomeration and dispersion from small to large are community public 

facilities, educational and cultural facilities, medical and health facilities, 

commercial service facilities, administrative management facilities, and financial 

service facilities. 
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Table 3: The Average Nearest Neighbour of Public Service Facilities in the Old City 

of Nanchang 

Facilities Average 

observation 

distance 

Expected 

average 

distance 

Nearest 

neighbour 

ratio 

Z score P 

value 

Medical and 

Health Facilities 46.7054 73.4516 0.635866 
–

25.222819 
0 

Educational and 

Cultural Facilities 48.4945 73.9325 0.655929 –25.51871 0 

Commercial 

Service Facilities 14.0619 24.3677 0.577070 
–

97.438028 
0 

Administrative 

Management 

Facilities 

33.0897 62.5389 0.529105 
–

42.013051 
0 

Community 

Public Facilities 129.4887 163.8744 0.790171 –6.97591 0 

Financial Service 

Facilities 
51.4043 114.2548 0.449909 

–

25.734519 
0 

Source: Author 

 

 
Figure 3: Map of Average Nearest Neighbour Distribution Characteristic Index 

Source: Author 
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Kernel Density Analysis of Public Service Facilities in Nanchang Old City 

To reflect more intuitively the spatial configuration characteristics of various 

types of public service facilities in Nanchang Old City, the kernel density analysis 

method is used to analyse the six types of public service facilities. The darker the 

regional colour, the larger the kernel density value, and the more concentrated the 

distribution. The results are shown in figure 4. 

（1）Kernel Density Analysis of Medical and Health Facilities: As an 

important part of a healthy city’s construction and an increasingly needed 

infrastructure for people’s livelihood, the distribution characteristics of medical 

facilities in Nanchang Old City are shown in Fig 4a. The distribution features are 

clearly clustered in the old city area, with high facility density in the north-central 

part of the city. However, the clustering degree is low in the relatively marginal 

areas, and the medical service area in the marginal areas is too wide, causing 

inconvenience for residents’ lives. 

（2）Kernel Density Analysis of Educational and Cultural Facilities: 

The analysis of educational and cultural facilities in Nanchang Old City, 

including training institutions, various schools, and cultural facilities, is shown in 

Fig 4b. In Nanchang Old City, the educational and cultural facilities are mainly 

primary and secondary schools. The radiation range of education still has a 

certain distance. The clustering degree is evident in the boundary area between 

Xihu District, Donghu District, and Qingshanhu District, as it is basically located 

in the city centre with good educational resources, forming a high-density 

clustering area. 

（3）Kernel Density Analysis of Commercial Service Facilities: 

Commercial service facilities are one of the services most closely related to 

residents’ lives. The distribution of commercial service facilities, as shown in 

Figure 4c, mainly includes large shopping malls, supermarkets, convenience 

stores, and wholesale markets. The commercial density is high in the areas where 

Xihu District and Donghu District intersect, and the most concentrated area is 

around the Bayi Square. At the same time, there are multiple subway lines 

running through the old city, and the overall distribution of commercial facilities 

is well-equipped. In comparison with educational and cultural facilities, many 

commercial locations are in areas with abundant educational resources. The site 

selection of commercial service facilities is closely related to the flow of people. 

（4）Kernel Density Analysis of Administrative Management 

Facilities: Compared to other service facilities, this type of facility has a certain 

degree of authority and is restrictive in its layout. The analysis result is shown in 

Fig 4d. According to the overall development of Nanchang City, the 

administrative management service facilities in Donghu District and Xihu 

District of the old city are densely distributed, with multiple concentrated points. 



Wang Xueqiang, Mimi Zaleha Abdul Ghani, Gu Yuan, Nurulhusna Qamaruz Zaman, Yazid Sarkom  

Research on the Spatial Distribution of Public Service Facilities in Nanchang Old City, China Based on Point 

of Interest (POI) Data 

 

© 2023 by MIP 442 

Under the current trend of urban renewal, there is an urgent need for 

comprehensive adjustments and considerations. 

（5）Kernel Density Analysis of Community Public Facilities: The 

analysis results from Fig 4e. show that the distribution in the old city area is 

relatively concentrated, mainly including public toilets, newspaper kiosks, and 

other public places. The density value in Donghu District of the old city is the 

highest, showing a ring-shaped density distribution. After a series of urban 

renewal and transformation, public facilities have been improved. However, the 

density in Qingshanhu District and Qingyunpu District is relatively average, and 

further improvements are needed for such service facilities in the peripheral areas. 

（6）Kernel Density Analysis of Financial Service Facilities: An 

Analysis of Financial Service Facilities in the Old City Area of Nanchang City, 

as shown in Figure 4f. Due to the economic transformation of Nanchang City’s 

important economic hub, the financial industry in the old city area is shifting 

towards the development of new areas to alleviate the pressure on the economy 

and population. As a result, the distribution of financial service facilities in the 

old city area is unevenly distributed. 

 

  

(a) (b) 
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(c) (d) 

  

(e) (f) 

Figure 4: Kernel Density Map of Various Public Service Facilities in Nanchang Old 

City Area (a) Medical and Health Facilities; (b)Educational and Cultural Facilities;(c) 

Commercial Service Facilities; (d)Administrative Management Facilities; 

(e)Community Public Facilities; (f)Financial Service Facilities  
Source: Author 

 

A Comparative Analysis of Various Public Facilities Distribution in Hong 

Kong 

This research undertakes a comparative study by investigating the spatial 

distribution characteristics of public service facilities in Hong Kong, a city 

renowned on an international scale. This analysis serves to establish connections 

and draw parallels with the urban context of Hong Kong, fostering a deeper 

understanding of the spatial patterns and arrangements of these vital amenities to 

discover the gaps and shortcomings in the layout of public facilities of Nanchang 

city. This is carried out by focusing on the medical and health facilities, 

educational and cultural facilities, and commercial service facilities in Hong 
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Kong as comparative data. It involved 13,718 medical and health facilities, 3,060 

educational and cultural facilities and 21,349 commercial service facilities that 

were selected. The specific distribution is shown in Figure 5. 

 

   
(a) (b) (c) 

Figure 5: Distribution map of public service facilities in Hong Kong (a) Medical and 

Health Facilities; (b)Educational and Cultural Facilities;(c) Commercial Service 

Facilities  
Source: Author 

 

The spatial distribution pattern characteristics of the three types of 

urban public facilities in Hong Kong are analysed by using the kernel density 

analysis method and the results are shown in Figure 6. From the analysis results, 

it is observed that the layout of medical and health facilities, educational and 

cultural facilities and commercial service facilities in Hong Kong are all 

relatively concentrated, and there is a large intersection of the kernel density 

range, demonstrating a close relationship between the three. This analysis reflects 

the relative concentration of various urban resources in Hong Kong and the 

concurrent development of various facilities that is more balanced among them. 

 

   
(a) (b) (c) 

Figure 6: Kernel Density Map of Various Public Service Facilities in Hong 

Kong: (a) Medical and Health Facilities; (b) Educational and Cultural Facilities; and 

(c) Commercial Service Facilities 
Source: Author 
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CONCLUSION 
Through the multidimensional analysis of the spatial distribution characteristics 

of public service facilities in the old city area of Nanchang City using POI basic 

data and GIS technology, this study provides relevant theoretical support for the 

optimisation of urban public service facilities and the high-quality development 

of the city in the next stage. The main conclusions are as follows: 

（1）Due to the historical development of the city, public service 

facilities in various categories are relatively concentrated in the old city area of 

Nanchang, with a high degree of agglomeration. However, there are fewer public 

service facilities in the peripheral areas of the old city area, and the spatial layout 

presents an imbalanced trend of “central aggregation - edge dispersion”. 

（2）With the acceleration of subway transportation construction in 

Nanchang City, multiple subway lines have been opened and are connected to the 

old city area, where the density of various facilities around the subway is good, 

especially for commercial facilities. In the subway sections where a new city 

planning has not yet been developed, corresponding commercial density and the 

evacuation of crowds should be considered to truly alleviate various pressures in 

the old city area. 

（3）The spatial layout of education and cultural facilities is highly 

correlated with other types of facilities. From the analysis results, we find that 

education and commercial facilities are closely related. There are many university 

campuses in the old city area of Nanchang, and commercial facilities can meet 

the needs of students in learning and other aspects, while driving the economic 

development of the old city area. However, the location of commercial facilities 

should consider on the effect on university campuses. 

（4）There is an obvious differentiation in the spatial layout of 

infrastructure such as medical facilities and community public facilities, 

suggesting that the peripheral areas of the old city area lack basic infrastructure. 

In the current trend of developing healthy cities, the construction of medical and 

health infrastructure should be improved to meet the daily needs of residents 

along with other facilities to enhance their life satisfaction and happiness. 
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